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SUMMARY
Chronic exposure of oesophageal mucosa to bile has been implicated in the 
etiology of the oesophageal lesions which develop into Barrett's oesophagus. 
Loss of the gallbladder reservoir function at cholecystectomy may critically alter 
the dynamics of bile storage and release.
In our first study we aimed to investigate the prevalence of bile reflux in three 
patient populations; symptomatic controls, Barrett's patients and patients post 
oesophago-gastric resection for carcinoma. Augmentation of bile reflux was 
noted in patients who had previous history of cholecystectomy. A high 
proportion of patients remained symptomatic post-cholecystectomy and a high 
proportion of these still-symptomatic post-cholecystectomy patients had 
increased bile reflux index.
In our second retrospective study we examined the effects of cholecystectomy 
on gastric and oesophageal mucosa at molecular and histological level. There 
was an increase in bile reflux index, Ki67 and p53 in post-cholecystectomy
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patients. This raised concern about development of pre-malignant changes in
these patients.
In the third study, the effect of cholecystectomy on gastric and oesophageal 
microenvironment was evaluated prospectively. This study noted the 
histological and molecular changes precipitated by cholecystectomy are similar 
to those identified as precursors of Barrett's oesophagus. Such concerning 
changes suggest that options other than cholecystectomy be considered for 
patients with gallstones in a functioning gallbladder.
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CHAPTER 1
INTRODUCTION
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1.1 Background
The association of reflux and oesophageal carcinoma is well established but the 
specific component or components that cause most injury, or act as promoters 
for the metaplasia-dysplasia-neoplasia sequence, is less clear. Bile has long 
been suggested as a culprit. The most dramatic change to the dynamics of bile 
storage and release occurs following cholecystectomy when the bile storage 
reservior during the inter-digestion period is lost. Instead of an orderly 
sequence of secretion, storage and release, bile trickles continuously into the 
duodenum where it is constantly available for reflux into the stomach and 
onwards into the oesophagus. There are other associations with bile reflux 
which are observed during endoscopy which may be cause, consequence or co­
incidence. In this Introduction I will discuss the current literature on bile reflux 
as it impacts on the stomach and lower oesophagus.
1.2 Norm al Bile Storage And Release
1.2.1 Bile Storage
The gallbladder is a pear-shaped sac lying on the visceral surface of right lobe of 
liver in a fossa between the right and quadrate lobes (Figure 1).
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Figure 1 Gallbladder anatomy. Adapted from: Netter, Frank H. Atlas of human 
anatomy, 4th ed. Printed by Elsevier Inc. 2006 (Philadelphia, PA)
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It has the capacity of 30-50ml. It has a rounded end, the fundus, which may 
project from the inferior border of the liver, where it comes in contact with the 
anterior abdominal wall at the level of the tip of the ninth costal cartilage. A 
major part in the fossa is the body of the gallbladder which may lie against the 
transverse colon and the first part of duodenum. The neck of the gallbladder is 
within the mucosal folds forming a spiral fold. The neck becomes continuous 
with the cystic duct which turns into the lesser omentum to join the common 
hepatic duct to form the common bile duct(l).
The gallbladder receives its blood supply from the cystic artery, a branch of the 
right hepatic artery. The cystic vein drains directly into the portal vein. The 
lymph drains jnto the cystic lymph node situated near the neck of gallbladder. 
The sympathetic and parasympathetic nerve supply is via vagal fibres from the 
coeliac plexus.
1.2.2 Normal Function Of The Gallbladder
The gallbladder receives, concentrates and stores bile from the liver. When 
digestion is not taking place, the sphincter of Oddi remains closed and the bile 
accumulates in the gallbladder. The gallbladder selectively absorbs bile salts, 
retains bile acid and secretes mucus. Active transport of sodium through the 
gallbladder epithelium is followed by secondary absorption of the chloride ions,
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water and most other soluble constituents. Bile is normally concentrated about 
fivefold. To aid in these functions the mucus membrane is thrown into 
permanent folds that unite with each other giving the surface a honeycombed 
appearance and the columnar cells lining the surface have numerous microvilli 
on their free surface.
1.2.3 Bile Release
Bile is delivered to the duodenum as a result of contraction and partial 
emptying of the gallbladder. This mechanism is initiated by the entrance of 
fatty foods into the duodenum. The fat causes release of the hormone 
cholecystokinin from the "I" cells in the mucous membrane of the duodenum. 
The hormone then enters blood, causing the gallbladder to contract. At the 
same time the smooth muscle around the distal end of the bile duct and the 
ampulla relaxes, allowing the passage of concentrated bile into the 
duodenum(2).
1.2.4 CCK Pathway On Bile Release
During the interdigestive period the gallbladder is relaxed, the sphincter of Oddi 
is closed and the gallbladder fills with bile. Bile is stored in the gallbladder 
between meals and is expelled into the duodenum by contraction of the
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gallbladder in response to meal stimulated CCK secretion from the duodenum
(Figure 2).
Figure 2 CCK released from duodenal mucosa causing the gallbladder to 
contract
CCK is released in response to small peptides and fatty acids in the duodenum. 
It causes contraction of the gallbladder and relaxation of the sphincter of Oddi. 
In addition CCK causes relaxation at the lower oesophageal sphincter (LOS)(2). 
CCK release is switched off by the negative feedback effect of the bile bolus in 
the duodenum(3). Thus, when the gallbladder is functioning normally bile is
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mixed with food in the duodenum and little is free to enter the stomach or 
available for contact with the oesophageal mucosa (2,4-6).
1.3 Com position o f Bile
Bile contains bile salts, phospholipids, cholesterol and bile pigments (bilirubin).
It is produced continuously by hepatocytes, and drains into the hepatic ducts 
and is stored in the gallbladder for subsequent release.
1.3.1 Bile Salts
Bile salts are amphipathic molecules because they have both hydrophilic and 
hydrophobic portions. In aqueous solution bile salts orient themselves around 
droplets of lipid and keep the lipid droplets dispersed (émulsification). Bile salts 
aid in the intestinal digestion and absorption of lipids by emulsifying them and 
solubilising them in micelles. Bile salts are positioned on the outside of the 
micelle, with their hydrophilic portions dissolved in the aqueous solution of the 
intestinal lumen and their hydrophobic portions dissolved in the micelle 
interior. Free fatty acids and monoglycerides are present in the inside of the 
micelle essentially solubilised for subsequent absorption. The bile salts in the 
bile are important in emulsifying the fat in the intestine and in assisting with its 
digestion and absorption(3). Evidence is accumulating that bile salts are the 
noxious component in refluxed duodenal juice and that their ability to cause 
cellular injury is pH-dependant. For bile salts to enter mucosal cells and cause
injury they must be soluble and ionized. At a pH of 7.0 greater than 90% of bile 
salts are completely ionized and remain in solution. In a more alkaline gastric 
environment, however, as can occur with the use of acid-suppression 
medication, bile salts are partially dissociated. Non-ionized bile salts can rapidly 
cross mucosal cell membranes. Once inside the alkaline environment of the 
cell, they are converted back to ionized form. Consequently bile salts become 
trapped within the cell, accumulate and are ultimately toxic to the 
mitochondria(7). Bile salts in isolated rat hepatocytes have also been shown to 
activate protein kinase C, a calcium-activated phospholipid dependent enzyme 
which plays a key role in growth-signalling pathways (8).
1.3.2 Bile Acids
The primary bile acids, cholic acid and chenodeoxycholic acid, are synthesized 
from cholesterol by hepatocytes. In the intestine bacteria convert a portion of 
each of the primary bile acids to secondary bile acids, deoxycholic acid and 
lithocholic acid. Synthesis of new bile acids occurs as needed to replace those 
excreted in the faeces. The bile acids are conjugated with glycine or taurine to 
form their respective bile salts, which are named for the parent bile acid e.g. 
taurocholic acid is cholic acid conjugated with taurine. The primary bile acids 
cholate and chenodeoxycholate are conjugated with taurin or glycine at a ratio 
of 1:3. The conjugation greatly increases the solubility of the bile acids. Bile
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acids can enter mucosal cells when in the lipophilic form. This occurs in a pH 
range of 2-5 for the conjugated bile acids and at neutral pH for unconjugated 
bile salts. This pH-dependency also influences precipitation. Conjugated bile 
acids precipitate, and are thereby rendered harmless, at a pH below 1.5, while 
unconjugated bile acids precipitate below a pH of 3-4. Bile acids are 
concentrated in the epithelial cells at levels as high as eight times the luminal 
concentration, probably by intracellular ionization and membrane 
entrapment(9). In an acidic, even weakly acidic, environment, even for brief 
periods, bile acids are associated with the development of dilated intercellular 
spaces, the most common change in the mucosa of patients with non-erosive 
reflux disease(lO). The exposure of bile acids to the epithelium of the 
oesophagus initiates a series of reactions including increased cell permeability 
and dilated intercellular spaces, cell damage and repair, inflammation and 
activation of pro-inflammatory transcription factors and genes(ll). And all of 
these reactions predispose the oesophagus to dysplasia and 
adenocarcinoma(12). Shirvani et al in 2000 suggested that bile acids stimulate 
COX-2 expression(13) which is associated with chronic inflammation and 
epithelial cell growth in Barrett's oesophagus and adenocarcinoma(14). Jenkins 
et al have shone light on another molecular target for bile acids in the 
oesophagus(15). In an in-vitro study they found that exposure of oesophageal 
mucosa to physiological levels of bile acids activates NF-kB which has been 
implicated in carcinogenesis in numerous tissue types (16,17).
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Oesophagitis, one of the complications of gastro-oesophageal reflux disease, 
was first described by Galen in the second century AD(18). Some confusion as 
to the nature and causes of oesophagitis remained until the first half of the 20th 
century. In 1935 Winkelstein defined peptic oesophagitis clinically by 
recognizing "an oesophagitis resulting from the irritant action on the mucosa by 
free hydrochloric acid and pepsin"(19). In 1946 Allison equated the presence of 
oesophageal ulcer with that of a hiatus hernia(20). This last notion resulted in 
hiatus hernia being more or less synonymous with reflux oesophagitis well into 
the 1960'$ when Palmer reported that many patients in a prospective study 
with hiatal hernias neither had reflux symptoms nor oesophagitis, and that 
many other patients had oesophagitis in the absence of hiatal hernia(21) (Figure
1.4 R eflux
1.4.1 Historical Perspective
Figure 3 Rolling and Paraesophageal Hiatus Hernia
In 1950, Norman Barrett of Guy's Hospital in London introduced the term 
"reflux oesophagitis"(22). Since then the interest in gastro-oesophageal reflux 
disease has increased exponentially and within the last decade there has been 
an explosion in the number of publications relating to gastro-oesophageal reflux 
disease. There is no universally accepted definition or classification of gastro- 
oesophageal reflux disease (GORD). In 2006 a consensus document was finally 
agreed upon, the Montreal Definition and Classification of Gastro-oesophageal
Reflux Disease(23). This was developed by an international consensus group
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consisting of 44 experts from 18 countries. According to the Montreal 
definition GORD is "a condition which develops when reflux of the stomach 
contents causes troublesome symptoms and/or complications". These 
symptoms are further classified as troublesome "when they adversely affect an 
individual's general well-being" and thus symptoms that are not troublesome 
"should not be diagnosed as GORD". Furthermore, the characteristic symptoms 
of GORD are defined as heartburn and regurgitation.
1.4.2 Prevalence Of Symptoms
Estimates of the prevalence of GORD vary considerably from study to study, 
which is not surprising considering the previous lack of a consistent definition of 
GORD, but studies conclude that the prevalence is increasing. In population- 
based studies mild symptoms occurring two or more days a week, or 
moderate/severe symptoms occurring more than one day a week, are often 
considered troublesome by patients. The prevalence varies considerably from 
country to country. Studies from South America and Asia, predominantly China, 
indicate that the prevalence is considerably lower than in Europe and North 
America with prevalence of 2-3% of the population reporting at least one reflux 
episode weekly(24-28). The increasing prevalence in the Western world is 
mirrored by the increasing use of acid suppression medications and the rapidly 
rising incidence of oesophageal adenocarcinoma, the most feared complication 
of GORD (29-31).
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Gastro-oesophageal reflux disease is one of the most common health problems 
in the western world today affecting up to 20% of the adult population at least 
weekly(32, 33), Less than half of these affected will see their primary care 
physician with their symptoms. Patients presenting with gastro-oesophageal 
reflux symptoms, nonetheless, may account for increasing primary care 
workload in Europe. Diseases associated with the reflux of duodenal and gastric 
contents into the oesophagus play an important role in the daily 
gastroenterological practice. The general practitioner is the first to be 
confronted with typical or atypical reflux complaints. Many patients without 
alarm symptoms such as weight loss or dysphagia, are treated with proton 
pump inhibitors (PPI's) for 4-6 weeks. An endoscopist or gastroenterologist 
only sees those patients who are refractory to therapy or experience recurrent 
symptoms after stopping therapy. Moreover, patients with frequent reflux 
symptoms experience difficulty sleeping, working and eating which contributes 
to their impaired quality of life. This produces substantial costs to patients as 
well as society in general. Duodeno-gastro-oesophageal reflux disease results in 
complications such as oesophagitis, oesophageal stricture, oesophageal 
haemorrhage, Barrett's oesophagus and oesophageal adenocarcinoma, a cancer 
with a poor prognosis and a rapidly increasing incidence in the western world.
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1.4.3 Composition of Refluxate
The noxious agents responsible for injuring the oesophageal mucosa originate 
from both gastric and duodenal sources(34). The term duodeno-gastro- 
oesophageal reflux refers to regurgitation of duodenal contents through the 
pylorus into the stomach, with subsequent reflux into the oesophagus.
1.4.4 Importance of Acid Reflux
Substantial experimental and clinical evidence strongly supports the importance 
of acid and pepsin in causing oesophageal mucosal injury. Studies by 
DeMeester et al found that patients with Barrett's oesophagus have increased 
frequency and duration of oesophageal exposure to pH<4 than patients with 
oesophagitis, who had higher exposure times than healthy controls, suggesting 
a significant role for acid reflux in the development of oesophagitis and 
Barrett's oesophagus(35). Gotley et al found that oesophageal aspirates from 
patients with oesophagitis had significantly higher concentrations of acid and 
pepsin than aspirates from healthy controls(36).
1.4.5 Toxic Role o f Duodenal Contents
Interest in this subject goes back a long time with pioneering work done as early 
as 1950 by Ferguson et al(37) in cats and dogs. Reflux of hydrochloric acid, 
which is generally accepted as the main cause of oesophagitis, can by no means
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explain all cases of reflux disease. Oesophagitis is seen in patients after total 
and subtotal gastrectomy, where acid reflux is unlikely, and resolves after 
duodenal diversion(38-40). This indicates duodenal refluxate as an important . 
factor. Resolution of oesophagitis with remaining abnormal acid reflux has also 
been described after duodenal diversion as an anti-reflux procedure, again 
indicating duodeno-gastro-oesophageal reflux as a pathogen(41). Modern 
proton pump inhibiting drugs effectively abolish gastric acid secretion but only 
heal 87-89% of the patients with oesophagitis(42). It is also known that 10-25% 
of patients with erosive oesophagitis have normal pH-studies, again indicating 
another explanation for injury(43,44). In 1972 Gilison et al(45), working on 
primates, showed that duodenal juice causes severe oesophageal damage.
The role of duodenal contents, specifically bile acids and salts, in the 
development of oesophageal mucosal injury is the subject of many in vitro 
animal studies. Moffat and Berkas(46) showed that canine bile was capable of 
producing various degrees of erosive oesophagitis, confirming the earlier 
studies by Cross and Wangensteen(47).
The prevalence of duodeno-gastro-oesophageal reflux is even higher among 
patients who develop adenocarcinoma arising from the metaplastic epithelium 
(48-50). One mechanism could be the increase in epidermal growth factor seen
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in the oesophageal mucosa with duodeno-gastro-oesophageal reflux, causing 
more immature cells to be displaced towards the epithelial surface where they 
are more susceptible to damage by biliary components(51, 52). This 
mechanism also seems to be mediated through cycloxygenase-2 (COX2), and it 
has been found that bile acids are actively transported into the epithelial cell, 
thereby disrupting intra and extra-cellular membranes and junctions(53, 54).
The duration of exposure is also important. Bile acids have been shown in 
different animal studies to cause toxic damage to the oesophageal epithelium 
after a few hours of exposure at concentrations of l~10mmol/l and after 5-8 
days exposure at concentrations of 100-200jumol/l(55-57). The toxic 
mechanisms are not fully known and several theories have been put forth. It 
has also been shown, in animal studies, that cytotoxicity is mediated through 
mitochondrial dysfunction with depleted stores of ATP resulting in calcium 
influx and cell death (58-61).
1.5 Pathophysiology o f Gastro-oesophageal Reflux 
Disease
Reflux episodes are very common in healthy individuals, occurring up to 50 
times a day, usually during meals, in the postprandial state or due to 
gravitational influence such as bending forward(62). The LOS is formed by a
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2.5-4.5cm segment of circular smooth muscle fibres in the distal oesophagus. 
Almost all reflux episodes are related to transient lower oesophageal sphincter 
relaxation episodes (TLOSRES) in healthy individuals(63). In only a minority of. 
individuals do these episodes cause symptoms or mucosal damage.
1.5.1 The Anti-reflux Mechanism
The physiological anti-reflux mechanism has three main components and it is 
only when this defence is overcome that reflux-induced damaged ensues(64). 
The first component of this anti-reflux mechanism is persistently high lower 
oesophageal sphincter pressure(65). The normal resting pressure is between 15 
and 35 mmHg(66, 67). Even pressures of 5 to 10 mmHg seem to prevent reflux 
episodes efficiently and the normal pressure range should therefore present a 
generous pressure reserve.
The second component is the crural diaphragm which can be said to form an 
external sphincter, exerting pressure on the outside of the lower oesophageal 
sphincter(68). The oesophagus enters the abdomen through the crural 
diaphragm in the so-called "diaphragmatic hiatus". The diaphragmatic hiatus 
itself is approximately 2cm in length. The size of the hiatus is not fixed but it 
contracts whenever the intra-abdominal pressure increases, such as during
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coughing or exercise. This mechanism can, therefore, be called a dynamic anti­
reflux barrier.
The third component of the anti-reflux barrier is thought to be flap-valve 
mechanism of the lower oesophageal sphincter, formed by the sharp angle 
between the cardia of the stomach, commonly called the angle of His, the 
diaphragmal crurae, the phreno-oesophageal ligament, the intra abdominal 
segment of the oesophagus and the mucosal rosette(69).
1.5.2 Reflux Mechanisms
Throughout the last century there have been many different beliefs as to the 
mechanism of gastro-oesophageal reflux disease. During much of the first part 
of the 20th century the existence of a sphincter in the lower part of the 
oesophagus in humans was questioned, or as Ingelfinger put it: "The sphincter 
that is a sphinx"(70).
Dent and Freedman (71) with a study in asymptomatic healthy volunteers, 
showed that the episodes of reflux were due to transient relaxations of the 
lower oesophageal sphincter. The same research group (67), then showed that 
reflux episodes could occur by three different mechanisms; Transient 
relaxations of lower oesophageal sphincter, Transient increase in intra-
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a b d o m in a l  p r e s s u r e ,  S p o n t a n e o u s  f r e e  r e f lu x  a s s o c ia te d  w i t h  a lo w  r e s t in g  
p r e s s u r e  o f  t h e  lo w e r  o e s o p h a g e a l  s p h in c te r .
O n c e  a r e f lu x  e p is o d e  h a s  o c c u r r e d ,  t h e  d e g r e e  o f  m u c o s a l d a m a g e  v a r ie s  
d e p e n d in g  o n  a n u m b e r  o f  v a r ia b le s .  T h e s e  in c lu d e  t h e  a b i l i t y  o f  t h e  
o e s o p h a g u s  t o  g e t  r id  o f  t h e  r e f lu x a t e ,  t h e  c o n t e n t s  o f  t h e  r e f lu x  m a t e r ia l  a n d  
t h e  d e g r e e  o f  m u c o s a l r e s is ta n c e ,  w h ic h  is p e r c e iv e d  t o  b e  m a in t a in e d  b y  t h e  
s t r a t i f ie d  s q u a m o u s  e p i t h e l ia l  b a r r ie r ( 7 2 ) .  A d d it io n a l  p r o t e c t io n  is a f f o r d e d  b y  
t h e  s w a l lo w in g  o f  s a liv a , w h ic h  b o th  n e u t r a l iz e s  a n d  h e lp s  r e m o v e  t h e  a c id ( 7 2 ) .  
T h e r e  is s o m e  c o r r e la t io n  b e t w e e n  t h e  e x p o s u r e  o f  t h e  o e s o p h a g u s  t o  a c id  a n d  
t h e  s e v e r i t y  o f  g a s t r o - o e s o p h a g e a l  r e f lu x .  In d iv id u a ls  w i t h  lo n g e r  p e r io d s  a n d  
m o r e  f r e q u e n t  e p is o d e s  t e n d  t o  s u f fe r  f r o m  m o r e  s e v e r e  d is e a s e . T h e i r  
o e s o p h a g e a l  p H  r e m a in s  b e lo w  4  f o r  s ig n if ic a n t ly  lo n g e r  p e r io d s  o f  t im e  t h a n  in  
in d iv id u a ls  w i t h  m i ld e r  f o r m  o f  d is e a s e (7 3 ) .
D e la y e d  g a s t r ic  e m p t y in g ,  o n  t h e  b a s is  o f  r e t e n t io n  a t  4  h o u rs , h a s  b e e n  s h o w n  
t o  o c c u r  in  2 6 %  o f  g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  p a t ie n t s ( 7 4 ) .  I t  is 
h y p o th e s iz e d  t h a t  d e la y e d  e m p t y in g  c o u ld  le a d  t o  g a s t r o - o e s o p h a g e a l  r e f lu x  
d is e a s e  d u e  t o  in c r e a s e d  g a s tr ic  c o n t e n t  t h a t  c o u ld  in c r e a s e  t h e  f r e q u e n c y  o f  
t r a n s ie n t  r e la x a t io n s  o f  t h e  lo w e r  o e s o p h a g e a l  s p h in c te r  a n d  g a s tr ic  a c id  
s e c r e t io n  v ia  a g a s tr ic  d is te n s io n  m e c h a n is m ( 7 5 ) .  A s d e la y e d  g a s tr ic  e m p t y in g  is
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not very common, however, this is probably only an enhancing cofactor in some
p a t ie n t s .
It  is g e n e r a l ly  p e r c e iv e d  t h a t  p e o p le  w i t h  a h ia ta l  h e r n ia  h a v e  m o r e  r e f lu x  t h a n  
p e o p le  w i t h o u t ( 7 6 ) .  T h e r e  h a v e  b e e n  d i f f e r e n t  s u g g e s t io n s  a s  t o  w h y  th is  is t h e  
c a s e . T h e  g a s t r o - o e s o p h a g e a l  ju n c t io n  m u s t  p r o t e c t  a g a in s t  r e f lu x  d u r in g  b o t h  
s ta t ic  a n d  d y n a m ic  c o n d it io n s .  D u r in g  s u d d e n  in c r e a s e s  in  in t r a - a b d o m in a l  
p r e s s u r e ,  t h e  c r u r a l  d ia p h r a g m  n o r m a l ly  s e rv e s  as  a  s e c o n d  s p h in c t e r ( 7 6 ) .  In  
in d iv id u a ls  w i t h  a h ia ta l  h e r n ia  th is  m e c h a n is m  is s u b s t a n t ia l ly  im p a ir e d .  S in c e  
t h e  d ia p h r a g m a t ic  s p h in c te r  is a n a t o m ic a l ly  d is ta n c e d  f r o m  t h e  g a s t r o -  
o e s o p h a g e a l  ju n c t io n ,  t h e r e f o r e ,  i t  lo s e s  its  a b i l i t y  t o  f u n c t io n  as  a n  a n t i - r e f lu x  
m e c h a n is m ( 7 7 ) .  L a rg e  h e r n ia s  c a n  a ls o  im p a i r  t h e  p ro c e s s  o f  o e s o p h a g e a l  
e m p t y in g  t h e r e b y  p r o lo n g in g  a c id  c le a r a n c e  t i m e  f o l lo w in g  a r e f lu x  e v e n t ( 7 8 ) .
1.6 Disturbance Of Bile Storage And Release Leading To 
Bile Reflux
1.6.1 G allb ladder D isease
In  t h e  e v e n t  o f  g a l lb la d d e r  d is e a s e  b ile  s to r a g e  c a p a c i ty  m a y  b e  r e d u c e d .  T h e  
m o s t  c o m m o n  c o n d it io n  is g a l ls to n e s .  M a n i f e s t a t io n  o f  s y m p t o m a t ic  g a l ls to n e s  
is r ig h t  u p p e r  q u a d r a n t  p a in  r a d ia t in g  t o  t h e  t ip  o f  s c a p u la  d e m o n s t r a t e d  b y
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p la c in g  t h e  h a n d  b e h in d  t h e  b a c k  w i t h  a n  u p w a r d  r e a c h in g  t h u m b ,  C o ll in 's  
s ig n ( 7 9 )  (F ig u r e  4 ) .
F ig u re  4  C o llin s ' s ig n  d e m o n s t r a t e d  t o  P ro fe s s o r  P a d d y  C o llin s  b y  a p a t ie n t  w i t h  
a  h a n d  b e h in d  t h e  b a c k  a n d  t h e  t h u m b  p o in t in g  u p w a r d s .  T h is  p h o t o g r a p h  w a s  
t a k e n  b y  a s t u d e n t  o n  o n e  o f  P r o f  C o llin s  fa m o u s  S u n d a y  M o r n in g  te a c h in g  
ro u n d s .
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C h o le c y s t i t is  is a n o t h e r  c o n d it io n  w h ic h  is a lm o s t  a lw a y s  a s s o c ia te d  w i t h  
g a l ls to n e s ,  a n d  im p a ir e d  g a l lb la d d e r  f u n c t i io n .  In  t h e s e  c ir c u m s ta n c e s  b ile  
f lo w s  c o n t in u o u s ly  in to  t h e  d u o d e n u m  a n d  is f r e e  t o  r e f lu x  in t o  t h e  s to m a c h  
w h e r e  it  is a v a i la b le  f o r  r e f lu x  in to  t h e  o e s o p h a g u s .
1.6.2 U pper G astro -in tes tina l Surgery
B ile  s to r a g e  c a n  a ls o  b e  d is r u p t e d  b y  u p p e r  g a s t r o - in t e s t in a l  t r a c t  s u r g e r y .  
F o l lo w in g  s u r g e r y  t o  t h e  g a l lb la d d e r ,  s to m a c h ,  p y lo r u s  o r  d u o d e n u m ,  t h e  
o r d e r ly  s e q u e n c e  o f  b i le  s to r a g e ,  r e le a s e  a n d  p r o g r e s s io n  d o w n  t h e  g a s t r o ­
in t e s t in a l  t r a c t  is a ls o  d is t u r b e d .
A n  a s s o c ia t io n  b e t w e e n  u p p e r  g a s t r o in t e s t in a l  s u r g e r y  a n d  r e f lu x  h a s  b e e n  
r e p o r t e d ( 8 0 ) .  S u r g e r y  o n  t h e  u p p e r  g a s t r o in t e s t in a l  t r a c t  m a y  c a u s e  r e f lu x  
o e s o p h a g it is  b y  r e f lu x  o f  ju ic e s  b a c k w a r d  in to  t h e  o e s o p h a g u s  b y  d a m a g in g  t h e  
g a s t r o - o e s o p h a g e a l  s p h in c te r  m e c h a n is m ( 8 1 ) .  E x c e s s iv e  d u o d e n o - g a s t r ic  r e f lu x  
in  h u m a n s  a f t e r  u p p e r  g a s t r o - in t e s t in a l  s u r g e r y  h a s  b e e n  im p l ic a t e d  in  t h e  
d e v e lo p m e n t  o f  g a s t r i t is ,  g a s tr ic  u lc e r ,  c a n c e r  o f  s t u m p  a n d  p o s t ­
c h o le c y s t e c t o m y  d y s p e p s ia  ( 8 2 - 8 8 ) .  S e a rs  e t  a l s tu d ie d  1 3  p a r t ia l  g a s t r e c t o m y  
p a t ie n t s  w i t h  r e f lu x  s y m p t o m s  a n d  f o u n d  in c r e a s e d  D G O R  in  7 7 %  o f  t h e m ( 8 9 ) .  
T h is  r e p r e s e n ts  a n  e x c e l le n t  h u m a n  m o d e l  f o r  in c r e a s e d  D G O R  b e c a u s e  o f  t h e  
in c o m p e t e n t  p y lo r u s  a n d  f r e e  r e g u r g i t a t io n  o f  d u o d e n a l  c o n t e n t s  in to  t h e
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s to m a c h ,  r e s u l t in g  in  g a s tr ic  b i le  a c id  c o n c e n t r a t io n s  ( 0 . 5 - 3 . 0  m M )  k n o w n  t o  
c a u s e  o e s o p h a g e a l  m u c o s a !  in ju r y ( 8 9 ) .
W e  h a v e  p r e v io u s ly  s h o w n  t h a t  p a t h o lo g ic a l  g a s t r o - o e s o p h a g e a l  r e f lu x  o c c u rs  
a f t e r  c h o le c y s t e c t o m y ( 9 0 - 9 2 ) .  F o u n to s  e t  a l,  u s in g  s c in t ig r a p h y ,  f o u n d  t h a t  
d u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x  is c o m m o n  a f t e r  b i l ia r y  s u r g e r y  s u c h  as  
c h o le c y s t e c t o m y  o r  c h o le d o c h o - d u o d e n o s t o m y ( 9 3 ) .  T h e  m e c h a n is m  f o r  b ile  
r e f lu x  a f t e r  c h o le c y s t e c t o m y  s e e m s  t o  b e  a n  in c r e a s e d  n u m b e r  o f  p y lo r ic  
r e la x a t io n s  as  s u g g e s te d  b y  a s tu d y  o n  d o g s ( 9 4 ) .
T h e r a p e u t ic  b i l ia r y  p r o c e d u r e s  t h a t  im p a i r  t h e  f u n c t io n  o f  s p h in c te r  o f  O d d i  
le a d  t o  u n c o n t r o l le d  f lo w  o f  b ile  in t o  t h e  d u o d e n u m ( 9 5 ) .  T h e s e  p a t ie n t s  a r e  
p r o n e  t o  d u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x .  P o s t o p e r a t iv e  r e f lu x  o e s o p h a g it is  
is d e s c r ib e d  in  5 8 .3 %  p a t ie n t s  w h o  h a d  o e s o p h a g e c t o m y ( 9 6 ) .
G a l lb la d d e r  d is e a s e  h a s  b e e n  c lin ic a l ly  l in k e d  t o  t r u n c a l  v a g o t o m y ( 9 7 ) ,  a l th o u g h  
t h e  c a u s a l r e la t io n s h ip  r e m a in s  u n p r o v e n .  Im p a ir e d  g a l lb la d d e r  m o t o r  f u n c t io n  
le a d in g  t o  s ta s is  a n d  t h e  a c c u m u la t io n  o f  b i l ia r y  s lu d g e  c o u ld  r e s u lt  e i t h e r  
d ir e c t ly  f r o m  v a g a l  d e n e r v a t io n ,  c r e a t in g  a d i la t e d  a to n ic  g a l lb la d d e r ,  o r  
in d i r e c t ly  f r o m  a l t e r e d  g a s tr ic  e m p t y in g  r e d u c in g  c h o le c y s to k in in  (C C K ) r e le a s e
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a n d  g a l lb la d d e r  c o n t r a c t io n ( 9 8 ) .  D u e  t o  th is  im p a ir e d  f u n c t io n  o f  t h e  
g a l lb la d d e r  t h e  s to r a g e  a n d  r e le a s e  o f  b ile  a r e  d is r u p t e d  a n d  i t  c o n t in u o u s ly  
t r ic k le s  in to  t h e  d u o d e n u m  w h e r e  i t  is a v a i la b le  f o r  r e f lu x .
B i l lr o th  I, o r  m o r e  f o r m a l ly  B i l l r o th 's  o p e r a t io n  I, is a n  o p e r a t io n  in  w h ic h  t h e  
p y lo r u s  is r e m o v e d  a n d  t h e  d is ta l  s to m a c h  is a n a s to m o s e d  d ir e c t ly  t o  t h e  
d u o d e n u m .  B i l lr o th  II, o r  m o r e  f o r m a l ly  B i l l r o t h ’s o p e r a t io n  II, is a n  o p e r a t io n  in  
w h ic h  t h e  a n t r u m  o f  t h e  s to m a c h  is r e m o v e d  a n d  a lo o p  o f  je ju n u m  is b r o u g h t  
u p  a n d  jo in e d  in  a s id e - t o -s id e  m a n n e r  f o r  d r a in a g e  as  a  g a s t r o je ju n o s t o m y .  
B il lr o th  I a n d  II p r o c e d u r e s  a r e  c o m m o n ly  p e r f o r m e d  a f t e r  d is ta l g a s t r e c t o m y  
( 9 9 , 1 0 0 ) .  A f t e r  e i t h e r  r e c o n s t r u c t io n  m e t h o d  t h e  d u o d e n a l  c o n t e n t s  m a y  
r e f lu x  f r e e ly  in to  t h e  g a s tr ic  r e m n a n t  a n d  o e s o p h a g u s . In  fa c t ,  d u o d e n o - g a s t r ic  
a n d  g a s t r o - o e s o p h a g e a l  r e f lu x  h a v e  b e e n  s h o w n  t o  b e  t h e  m o s t  f r e q u e n t  
c o m p lic a t io n  in  p a t ie n t s  w h o  h a d  B i l l r o th  I r e c o n s t r u c t io n  ( 1 0 1 - 1 0 3 ) .
1.6.3 Factors C ontributing  To The A etiology Of Reflux
W h i le  m u c h  is k n o w n  a b o u t  t h e  a e t io lo g y  o f  r e f lu x  a n d  its  c o n s e q u e n c e s ,  m u c h  
r e m a in s  u n c le a r .  B y in c r e a s in g  t h e  k n o w le d g e  b a s e  o f  d u o d e n o - g a s t r o -  
o e s o p h a g e a l  r e f lu x  d is e a s e ,  in c lu d in g  id e n t i f y in g  r is k  fa c t o r s ,  w e  c a n  h o p e f u l ly  
m a k e  o u r  c o n t r ib u t io n  t o  f in d  a m o r e  e f f e c t iv e  t r e a t m e n t ,  im p r o v e  q u a l i t y  o f
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l i fe  in  g a s t r o - o e s o p h a g e a l  r e f lu x  p a t ie n t s ,  a n d  h e lp  p r e v e n t  d u o d e n o - g a s t r o -  
o e s o p h a g e a l  r e f lu x  d is e a s e  f r o m  d e v e lo p in g  in  t h e  f i r s t  p la c e .
1.6.3.1 G enetic  Factors
G e n e t ic  fa c t o r s  h a v e  f o r  m a n y  y e a r s  b e e n  s u s p e c te d  as  im p o r t a n t  in  t h e  
a e t io lo g y  o f  g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e .  S tu d ie s  d e m o n s t r a t in g  f a m il ia l  
a g g r e g a t io n  o f  B a r r e t t 's  o e s o p h a g u s  s u g g e s t  t h a t ,  in  a  m in o r i t y  o f  in d iv id u a ls  
w it h  s e v e r e  r e f lu x ,  t h e  l ia b i l i t y  to  r e f lu x  d is e a s e  is in h e r i t e d  in  a n  a u t o s o m a l -  
d o m in a n t  m a n n e r ( 1 0 4 , 1 0 5 ) ,  S e v e r e  r e f lu x  w i t h  c h i ld h o o d  o n s e t  h a s  b e e n  
s h o w n  t o  b e  in h e r i t e d  in  a n  a u t o s o m a l - d o m in a n t  w a y  a n d  s e e m s  t o  b e  
a s s o c ia te d  w i t h  a g e n e  o f  u n d e t e r m in e d  f u n c t io n  m a p p e d  t o  c h r o m o s o m e  
1 3 q l 4  ( 1 0 5 ) .  In  2 0 0 2  C a m e r o n  e t  a l,  in  a  la r g e  p o p u la t io n - b a s e d  s tu d y  o f  tw in s  
w it h  r e f lu x  s y m p t o m s ,  d e m o n s t r a t e d  t h a t  g e n e t ic  fa c t o r s  a r e  im p o r t a n t  in  t h e  
a e t io lo g y  o f  g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  a n d  a c c o u n t  f o r  a p p r o x im a t e ly  
3 1 %  o f  t h e  l ia b i l i t y  t o  r e f lu x  d is e a s e  in  t h e  s tu d ie d  p o p u la t io n ( 1 0 6 ) .  T h is  w a s  
c o n f i r m e d  in  a n o t h e r  t w in  s tu d y  w h ic h  e s t im a t e d  h e r i t a b i l i t y  t o  a c c o u n t  f o r  
a p p r o x im a t e ly  4 3 %  o f  t h e  p r o p e n s i t y  f o r  r e f lu x  d is e a s e ( 1 0 7 ) .
1.6 .3 .2  O besity
D u r in g  t h e  la s t  d e c a d e s  t h e  p r e v a le n c e  o f  o b e s i t y  h a s  in c r e a s e d  in  a lm o s t  
e p id e m ic  m a n n e r  in  w e s t e r n  p o p u la t io n  ( 1 0 8 - 1 1 0 ) .  A m o n g  p h y s ic ia n s  t h e r e  is
45
b y  t r a d i t io n  a w id e -  s p r e a d  b e l ie f  t h a t  o b e s i t y  c a u s e s  r e f lu x  a n d  p a t ie n t s  a r e  
o f t e n  r e c o m m e n d e d  t o  lo s e  w e ig h t  in  o r d e r  t o  t r e a t  r e f l u x ( l l l - 1 1 3 ) .  F o u r  
p o p u la t io n - b a s e d  s tu d ie s ,  o n e  c o h o r t  a n d  t h r e e  c r o s s -s e c t io n a l  s tu d ie s ,  
e s t im a t in g  t h e  r is k  o f  r e f lu x  s y m p t o m s  a s s o c ia te d  w i t h  h ig h  b o d y  m a s s  in d e x  
c o n c lu d e d  t h a t  o b e s i t y  d o e s  in c r e a s e  t h e  r is k  f o r  r e f lu x ( 1 1 4 - 1 1 7 ) .  O n e  h o s p ita l  
b a s e d  c a s e -c o n t r o l  s tu d y  s h o w e d  a s t r o n g  a s s o c ia t io n  b e t w e e n  In c r e a s in g  B M l  
a n d  o e s o p h a g i t is ( 1 1 8 ) .  A n o t h e r  s tu d y  o f  a n  e n d o s c o p y  c a s e -s e r ie s  a s s e s s e d  
B M l In  r e la t io n  t o  o e s o p h a g it is  a n d  h ia tu s  h e r n ia  in  w h ic h  o b e s i t y  w a s  s t r o n g ly  
a s s o c ia te d  w i t h  c o m b in e d  o e s o p h a g it is  a n d  h ia tu s  h e r n ia ( 1 1 9 ) .
1.6 .3 .3  Fem ale Sex H orm ones
F e m a le  s e x  h o r m o n e s  a r e  k n o w n  t o  b e  t h e  p r e d o m in a n t  c a u s e  o f  g a s t r o -  
o e s o p h a g e a l  r e f lu x  d u r in g  e a r ly  p r e g n a n c y ( 1 2 0 ) .  In  t h e  l a t e r  s ta g e  o f  p r e g n a n c y  
t h e r e  Is s o m e  f u r t h e r  c o n t r ib u t io n  o f  t h e  in c r e a s e d  a b d o m in a l  p r e s s u r e  ( 1 2 0 -  
1 2 3 ) .  I t  h a s  a ls o  b e e n  s u g g e s te d  t h a t  t h e  a s s o c ia t io n  b e t w e e n  o b e s i t y  a n d  
g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  in  w o m e n  m ig h t  b e  m e d ia t e d  b y  
o e s t r o g e n ( l l l ,  1 2 4 ) .  I t  h a s  f u r t h e r  b e e n  s h o w n  t h a t  t h e  u s e  o f  s e q u e n t ia l  o r a l  
c o n t r a c e p t iv e s  lo w e r s  t h e  r e s t in g  p r e s s u r e  o f  t h e  lo w e r  o e s o p h a g e a l  
s p h i n c t e r ( 1 2 5 , 1 2 6 ) .
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1.6 .3 .4  Tobacco Sm oking
S e v e ra l  s tu d ie s  u s in g  2 4  h o u r  o e s o p h a g e a l  p H  m o n i t o r in g  a n d  m a n o m e t r y  h a v e  
p r e s e n t e d  c o n v in c in g  d a t a  in d ic a t in g  t h a t  to b a c c o  s m o k in g  in d u c e s  r e f lu x  
e p is o d e s  b y  lo w e r in g  t h e  lo w e r  o e s o p h a g e a l  s p h in c te r  r e s t in g  p r e s s u r e ( 1 2 7 -  
1 3 0 )  a n d  th is  e f f e c t  a p p e a r s  t o  b e  m e d ia t e d  b y  n ic o t in e ( 1 3 1 ) .
1.6.3.5 Alcohol
A lc o h o lic  b e v e r a g e s  h a v e  b e e n  s h o w n  t o  e v o k e  r e f lu x  e p is o d e s  d e t e c t e d  b y  2 4 -  
h o u r  o e s o p h a g e a l  p H  m o n i t o r in g  a n d  th is  a p p e a r s  t o  b e  m e d ia t e d  b y  r e la x in g  
t h e  lo w e r  o e s o p h a g e a l  s p h in c te r  im m e d ia t e ly  a f t e r  in g e s t io n ( 1 3 2 - 1 3 4 ) .
1.6.3.6 D ietary  Factors
D ie t a r y  F a t :  S e v e ra l  s tu d ie s  h a v e  d e m o n s t r a t e d  t h a t  m e a ls  w i t h  a h ig h  f a t  
c o n t e n t  in c r e a s e  t h e  f r e q u e n c y  o f  p o s t p r a n d ia l  t r a n s ie n t  lo w e r  o e s o p h a g e a l  
s p h in c te r  r e la x a t io n  a n d  c a n  in d u c e  r e f lu x  s y m p t o m s  (6 3 ,  6 6 ) .
D i e t a r y  F ib r e :  F ib r e ,  e s p e c ia l ly  o f  c e r e a l  o r ig in ,  h a s  b e e n  d e m o n s t r a t e d  t o  b e  
a s s o c ia te d  w i t h  a  r e d u c e d  r is k  o f  o e s o p h a g e a l  a n d  g a s tr ic  c a r d ia  
a d e n o c a r c in o m a  ( 1 3 5 , 1 3 6 ) .  A  s u g g e s te d  m e c h a n is m  b y  w h ic h  d ie t a r y  f ib r e  
p r o t e c t s  a g a in s t  o e s o p h a g e a l  a n d  c a r d ia  c a n c e r s  m a y  b e  m e d ia t e d  b y  c e r e a l  
f ib r e  s c a v e n g in g  c a r c in o g e n ic  n i t r o s a m in e s  ( 1 3 7 , 1 3 8 ) .
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C o f f e e :  I t  is w id e ly  b e l ie v e d  t h a t  c o f f e e  t r ig g e r s  r e f lu x  s y m p t o m s  ( 1 3 9 , 1 4 0 )  b u t  
t h r e e  e p id e m io lo g ic a l  s tu d ie s ,  o n e  p o p u la t io n  b a s e d  c r o s s -s e c t io n a l ,  o n e  
p o p u la t io n  b a s e d  c o h o r t - s t u d y  a n d  a n  e n d o s c o p y -s e r ie s  o f  p e o p le  g o in g  
t h r o u g h  e n d o s c o p y  f o u n d  n o  r e la t io n s h ip  b e t w e e n  c o f f e e  d r in k in g  a n d  r e f lu x  
s y m p t o m s  o r  o e s o p h a g it is  ( 1 1 6 , 1 1 7 , 1 4 1 ) .
1.6.3.7 H elicobacter Pylori
In f e c t io n  o f  t h e  s to m a c h  w i t h  H e l ic o b a c t e r  p y lo r i  a f f e c t s  2 5 - 5 0 %  o f  t h e  
p o p u la t io n  in  t h e  in d u s t r ia l iz e d  c o u n t r ie s  o f  E u r o p e  a n d  N o r t h  A m e r ic a  a n d  7 0 -  
9 0 %  o f  t h e  p o p u la t io n  in  t h e  d e v e lo p in g  c o u n t r ie s  o f  A s ia , A fr ic a  a n d  S o u th  
A m e r ic a  ( 1 4 2 , 1 4 3 ) .  D u r in g  t h e  la s t c e n t u r y  t h e  p r e v a le n c e  o f  H e l ic o b a c t e r  
p y lo r i  h a s  d e c r e a s e d  s u b s t a n t ia l ly  in  w e s t e r n  p o p u la t io n  w h i le  it  h a s  r e m a in e d  
h ig h  in  d e v e lo p in g  c o u n t r ie s  ( 1 4 4 ) .  I t  h a s  b e e n  n o t e d  t h a t  t h e  p r e v a le n c e  o f  
d u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  s e e m s  t o  b e  s u b s t a n t ia l ly  h ig h e r  in  
p o p u la t io n s  w i t h  lo w  p r e v a le n c e  o f  H e l ic o b a c t e r  p y lo r i  in fe c t io n  t h a n  in  
p o p u la t io n s  w h e r e  t h e  H e l ic o b a c t e r  p y lo r i  p r e v a le n c e  is s till v e r y  h ig h  (2 4 ,  2 6 ,  
1 4 5 , 1 4 6 ) .
1.6 .3 .8  P harm aceu tica l Drugs
N it r o g ly c e r in e s ,  p - r e c e p t o r  a g o n is ts , a m in o p h y l l in e s ,  a n t ic h o l in e r g ic  d r u g s  a n d  
b e n z o d ia z e p in e s  h a v e  a ll b e e n  r e p o r t e d  to  r e la x  t h e  s m o o th  m u s c le  o f  lo w e r
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o e s o p h a g e a l  s p h in c te r  ( 1 4 7 - 1 5 0 ) .  In  a c o h o r t  s tu d y  o f  9 2 , 9 8 6  a d u l t  p a t ie n t s  
h o s p ita l iz e d  f o r  a s th m a  w i t h  a n  a v e r a g e  f o l lo w - u p  o f  8 .5  y e a r s  t h e r e  w a s  a n  
o v e r a l l  4 0 %  in c r e a s e  in  r is k  o f  o e s o p h a g e a l  a d e n o c a r c in o m a ( 1 5 1 ) .  A s p ir in  
(a c e ty ls a l ic y l ic  a c id )  a n d  n o n - s t e r o id a l  a n t i - in f l a m m a t o r y  d r u g s  (N S A ID 's )  h a v e  
b e e n  p r o p o s e d  t o  c a u s e  g a s t r o - o e s o p h a g e a l  r e f lu x  b y  d a m a g in g  t h e  
o e s o p h a g e a l  m u c o s a  a n d  m a k in g  i t  m o r e  v u ln e r a b le  t o  t h e  in f lu e n c e  o f  
p h y s io lo g ic a l  r e f lu x ( 1 5 2 ) .
1.6 .3 .9  Physical Exercise
In  c o h o r t  s tu d y  b y  R u h l e t  a l ( 1 1 7 )  b o t h  r e c r e a t io n a l  a n d  p r o fe s s io n a l  p h y s ic a l  
e x e r c is e  d e c r e a s e d  t h e  r is k  o f  h o s p ita l iz a t io n  f o r  r e f lu x - r e la t e d  d ia g n o s is . A  
r e a s o n a b le  h y p o th e s is  t o  e x p la in  t h e  m e c h a n is m  f o r  s u c h  a n  a s s o c ia t io n  c o u ld  
b e  t h a t  f r e q u e n t  a n d  r e g u la r  e x e r c is e  c o u ld  s t r e n g t h e n  t h e  c r u r a l  d ia p h r a g m ,  
t h e r e b y  r e in fo r c in g  t h e  d y n a m ic  s t r ia t e d  m u s c le  p a r t  o f  t h e  a n t i r e f lu x  b a r r ie r .
1.6 .3 .10 Psychological Factor
M a n y  r e f lu x  p a t ie n t s  r e p o r t  w o r s e n in g  o f  s y m p t o m s  u n d e r  t h e  in f lu e n c e  o f  
p s y c h o lo g ic a l s tre s s  in  t h e i r  d a i ly  l iv e s ( 1 5 3 ) .  S e v e ra l  s tu d ie s  in  l a b o r a t o r y  
s e t t in g s  h a v e  e v a lu a t e d  t h e  e f f e c t  o f  p s y c h o lo g ic a l a n d  c o g n it iv e  s tre s s  o n  t h e  
o c c u r r e n c e  o f  r e f lu x  e p is o d e s  m a in ly  y ie ld in g  n e g a t iv e  r e s u l t s ( 1 5 4 ) .  J o h n s o n  e t  
a l c o m p a r e d  p s y c h o lo g ic a l p r o f i le s  o f  s y m p t o m a t ic  r e f lu x  p a t ie n t s ,  w i t h  a n d
w i t h o u t  e n d o s c o p ic  o r  p H  m o n i t o r in g  f o r  e v id e n c e  o f  g a s t r o - o e s o p h a g e a l  r e f lu x  
d is e a s e ,  w i t h o u t  f in d in g  a n y  s ig n if ic a n t  a s s o c i a t i o n ( 1 5 5 , 1 5 6 ) .
1.7 Detection of Bile Reflux
1.7.1 O eso p h ag o -g astro -d u o d en o sco p y  (OGD)
In  t h e  e v a lu a t io n  o f  p a t ie n t s  s u s p e c te d  o f  h a v in g  r e f lu x  d is e a s e  e n d o s c o p y  is t h e  
f i r s t  a n d  m o s t  im p o r t a n t  in v e s t ig a t io n  (F ig u r e  5 ) .
F ig u re  5  O e s o p h a g o - g a s t r o - d u o d e n o s c o p y  O G D  a n d  b io p s y
It  is a  q u ic k  a n d  m in im a l ly  in v a s iv e  w a y  t o  e v a lu a t e  t h e  p r e s e n c e  o f  b i le ,  t o
e v a lu a t e  t h e  g r a d e  o f  o e s o p h a g it is  a n d  t o  e x a m in e  f o r  c o m p l ic a t io n s  o f  r e f lu x
s u c h  as  B a r r e t t 's  o e s o p h a g u s , o e s o p h a g e a l  s t r ic t u r e  o r  c a r c in o m a .  T h e  S a v a ry
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a n d  M i l l e r  c la s s if ic a t io n  (F ig u r e  6 )  a n d  t h e  Los A n g e le s  c r i t e r ia  (T a b le  1 ) w e r e  
d e v e lo p e d  t o  g r a d e  t h e  s e v e r i t y  o f  r e f lu x  in d u c e d  o e s o p h a g i t is ( 1 5 7 ,  1 5 8 ) .
G r a d e  1 S in g le  e r o s io n  a b o v e  g a s t r o - e s o p h a g e a l  m u c o s a l  
ju n c t io n
G r a d e  2 M u l t ip le ,  n o n - c i r c u m f e r e n t ia l  e r o s io n s  a b o v e  g a s t r o ­
e s o p h a g e a l  m u c o s a l ju n c t io n
G r a d e  3 C i r c u m f e r e n t ia l  e r o s io n  a b o v e  m u c o s a l ju n c t io n
G r a d e  4 C h r o n ic  c h a n g e  w i t h  e s o p h a g e a l  u lc e r a t io n  a n d  
a s s o c ia te d  s t r ic t u r e
G r a d e  5 B a r r e t t 's  e s o p h a g u s  w i t h  h is to lo g ic a l ly  c o n f i r m e d  
in t e s t in a l  d i f f e r e n t ia t io n  w i t h in  c o lu m n a r  e p i t h e l iu m .
F ig u re  6  S a v a r y - M i l le r  c la s s if ic a t io n  o f  r e f lu x  o e s o p h a g it is  G r a d e s  1 - 5
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T a b le  1  T h e  Los A n g e le s  C la s s if ic a t io n  S y s te m  f o r  t h e  e n d o s c o p ic  a s s e s s m e n t  o f  
r e f lu x  o e s o p h a g it is .  A d a p t e d  f r o m :  D e n t  J e t  a l:  A n  e v id e n c e - b a s e d  a p p r a is a l  o f  
r e f lu x  d is e a s e  m a n a g e m e n t  -  t h e  G e n v a l  W o r k s h o p  r e p o r t .  G u t ,  1 9 9 9 ,  v o l 4 4 ,  
s u p p l 2 , 1  -  1 6
G r a d e  A O n e  o r  m o r e  m u c o s a l  b r e a k s  n o  lo n g e r  t h a n  5  m m , n o n e  o f  
w h ic h  e x te n d s  b e t w e e n  t h e  t o p s  o f  t h e  m u c o s a l fo ld s
G r a d e  B O n e  o r  m o r e  m u c o s a l b r e a k s  m o r e  t h a n  5  m m  lo n g , n o n e  o f  
w h ic h  e x te n d s  b e t w e e n  t h e  t o p s  o f  t w o  m u c o s a l fo ld s
G r a d e  C M u c o s a l  b r e a k s  t h a t  e x t e n d  b e t w e e n  t h e  to p s  o f  t w o  o r  
m o r e  m u c o s a l fo ld s ,  b u t  w h ic h  in v o lv e  less  t h a n  7 5 %  o f  t h e  
o e s o p h a g e a l  c i r c u m f e r e n c e
G r a d e  D M u c o s a l  b r e a k s  w h ic h  in v o lv e  a t  le a s t  7 5 %  o f  t h e  
o e s o p h a g e a l  c ir c u m f e r e n c e
E n d o s c o p ic  o b s e r v a t io n s  o f  a la rg e  b i le  la k e  in  t h e  s to m a c h ,  a n t r a l  m u c o s a l  
e r y t h e m a ,  f r ia b i l i t y ,  e r o s io n s  a n d  u lc e rs  h a v e  b e e n  s u g g e s te d  as  c lin ic a l  
in d ic a t o r s  o f  e x c e s s iv e  d u o d e n o - g a s t r ic  r e f lu x ( 1 5 9 ) .
1.7.2 A spiration  T echn iques
A s p ir a t io n  o f  t h e  g a s tr ic  a n d  o e s o p h a g e a l  c o n t e n t  h a s  b e e n  u s e d  a n d  a l lo w s  
v e r y  a c c u r a t e  a n a ly s is  o f  t h e  c o m p o n e n t s  o f  r e f l u x a t e ( 1 6 0 , 1 6 1 ) .  I t  is r e s o u r c e  
in t e n s iv e ,  h o w e v e r ,  a n d  d i f f ic u l t  t o  p e r f o r m  o v e r e x t e n d e d  p e r io d s  o f  t im e .
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P e a k s  in  c o n c e n t r a t io n  m a y  b e  lo s t  b e c a u s e  a l iq u o ts  a r e  c o l le c te d .  I t  is v e r y  
d i f f ic u l t  t o  p e r f o r m  in  a n  a m b u la t o r y  s e t t in g  a n d  its  r e la t io n  t o  n o r m a l  
p h y s io lo g y  c a n  b e  q u e s t io n e d .
1.7.3 Scintigraphic tec h n iq u e
T h is  m e t h o d  is p r a c t ic a l  s in c e  i t  in v o lv e s  m in im a l  d is c o m f o r t  f o r  t h e  p a t ie n t ,  b u t  
i t  h a s  s e v e r a l  d r a w b a c k s .  T c " m- N -  ( 2 .6 - d ie t h y lp h e n y lc a r b o m o y lm e t h y l )  
im in o d ia c e t ic  a c id  (H ID A )  s c in t ig r a p h y  is l im i t e d  b y  its  r e la t iv e  in s e n s it iv it y  f o r  
o e s o p h a g e a l  r e f lu x  a n d  t h e  u s e  o f  r a d io a c t iv e  is o t o p e s ( 1 6 2 ) .  T h is  t e c h n iq u e  is 
l im i t e d  b y  t h e  t im e  s p a n  o f  t h e  e x a m in a t io n  a n d  c a n n o t  b e  u s e d  in  a m b u la t o r y  
s e t t in g .
1.7.4  Histological D e te rm in a tio n  of Bile Reflux
D is t in c t iv e  h is to lo g ic a l  f e a t u r e s  o f  d u o d e n o - g a s t r ic  r e f lu x  in c lu d e  f o v e o la r  
h y p e r p la s ia  (F H ) ,  la m in a  p r o p r ia  v a s o d i la t a t io n  a n d  c o n g e s t io n  (V C ), o e d e m a  
(E d e ) ,  a n d  a p a u c i t y  o f  a c u te  (A l)  a n d  c h r o n ic  (C l) in f l a m m a t o r y  c e lls . U s in g  
g r a d e s  ( 0 - 3 )  f o r  e a c h  o f  th e s e  f e a t u r e s ,  a c o m p o s i t e  " r e f lu x  g a s t r i t is  s c o re "
(R G S ) w a s  d e v is e d  b y  D ix o n  e t  a l .  in  1 9 8 6 ( 1 6 3 ) .  M a n y  s u b je c ts  w i t h  h ig h  RGS  
d id  n o t  h a v e  b ile  r e f lu x  s o  a m o r e  a c c u r a t e  b ile  r e f lu x  in d e x  (B R I) w a s  d e v is e d  b y  
s te p w is e  lo g is t ic  r e g r e s s io n  a n a ly s is  o f  t h e  h is to lo g ic a l  g r a d e s  u s e d  in  RG S  
t o g e t h e r  w i t h  in te s t in a l  m e t a p la s ia  ( I M )  a n d  H . p y lo r i  (H p )  c o lo n iz a t io n  fo u n d  in
g a s tr ic  b io p s y ( 1 6 4 ) .  A n  in d e x  c o m p r is in g  (7 x E d e )  +  ( 3 X IM )  +  (4 X C I)  -  ( 6 X H p )  g a v e  
t h e  b e s t  p r e d ic t io n  o f  a n  e le v a t e d  g a s t r ic - ju ic e  b ile  a c id  c o n c e n t r a t io n .  In  th is  
s y s te m , a h is to lo g ic a l  b ile  r e f lu x  in d e x  (B R I) v a lu e  a b o v e  1 4  in d ic a t e s  t h e  
p r e s e n c e  o f  d u o d e n o - g a s t r ic  r e f lu x  ( 1 6 4 ) .
1.7.5 A m bula to ry  Bilirubin M onitoring
In  1 9 9 3  B e c h i e t  a l ( 1 6 5 )  v a l id a t e d  a s y s te m  f o r  a m b u la t o r y  d e t e c t io n  o f  b ile  
r e f lu x  b y  f ib r e  o p t ic  s p e c t r o p h o t o m e t e r  s y s te m  ( B i l i t e c ®  2 0 0 0 ,  S y n e c t ic s ,  
S to c k h o lm ,  S w e d e n )  (F ig u r e  7 ) .
F ig u r e  7  B il i te c  2 0 0 0 ®  m o n i t o r  a n d  p r o b e s  f o r  d e t e c t io n  o f  b i le  r e f lu x .  A d a p t e d  
f r o m :  w w w .s a in t lu c .b e /e n /s e r v ic e s / f o r e g u t /d u o d e n o g a s t r i c - r e f lu x .
T h is  s y s te m  c o n s is te d  o f  a f ib r e o p t ic  p r o b e  o f  5 m m  d ia m e t e r  w i t h  a n  o p e n
g r o v e  o f  2 m m  a c ro s s  w h ic h  t w o  w a v e le n g t h s  o f  l ig h t  a r e  e m i t t e d  a n d  m a t e r ia l
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s a m p le d .  B il ir u b in  is d e t e c t e d  b e t w e e n  a m i r r o r  a n d  t h e  f ib r e  o p t ic  t ip  a t  t h e  
e n d  o f  t h e  p r o b e  b y  l ig h t  a b s o r p t io n  a t  4 5 3 n m  w h e r e  b i l i r u b in  h a s  a n  
a b s o r p t io n  p e a k .  D a ta  is c o l le c te d  in  a p o r t a b le  d a t a  lo g g e r  a n d  la t e r  a n a ly z e d  
o n  c o m p u t e r .  W i t h  a c o m p u t e r  p r o g r a m  (S y n e c t ic s  M e d ic a l ,  S to c k h o lm ,  
S w e d e n )  t h e  f o l lo w in g  p a r a m e t e r s  a r e  m e a s u r e d :  p e r c e n t a g e  t o t a l  t im e  
a b s o r b a n c e  u n its  a b o v e  > 0 .1 4 ;  p e r c e n t a g e  u p r ig h t  t im e  a b s o r b a n c e  u n its  > 0 .1 4 ;  
p e r c e n t a g e  r e c u m b e n t  t i m e  a b s o r b a n c e  u n its  > 0 .1 4 ;  n u m b e r  o f  r e f lu x  e p is o d e s ;  
n u m b e r  o f  r e f lu x  e p is o d e s  w i t h  a b s o r b a n c e  u n its  > 0 .1 4  f o r  f iv e  o r  m o r e  m in u te s  
a n d  p e r io d  o f  t h e  lo n g e s t  s in g le  D G E R  e x p o s u r e  e p is o d e .  T h is  t e c h n iq u e  a l lo w s  
a m b u la t o r y  d e t e c t io n  o f  b i le  in  t h e  o e s o p h a g u s  in  m u c h  t h e  s a m e  m a n n e r  as  p H  
d e t e c t io n ( 1 6 6 )  (F ig u r e  8 ) .
F ig u re  8  A m b u la t o r y  2 4  h o u r  p H  m o n i t o r in g .  A d a p t e d  f r o m :  w w w .h o p k in s g i .o r g .
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N e v e r t h e le s s  t h e r e  a r e  s o m e  l im i t a t io n s .  S o m e  c o lo u r e d  fo o d s  m a y  in t e r f e r e  
w i t h  t h e  m e a s u r e m e n t s  a n d  s m a ll  p ie c e s  o f  fo o d  m a y  g e t  s tu c k  b e t w e e n  t h e  
m ir r o r  a n d  t h e  t ip  o f  t h e  f ib r e  o p t ic  b u n d le .  A t  lo w  p H  b e lo w  3 .5  b i l i r u b in  fo r m s  
d im e r s  w i t h  d i f f e r e n t  o p t ic  p r o p e r t ie s  c a u s in g  a n  u n d e r e s t im a t io n  o f  b i l i r u b in  
c o n c e n t r a t io n  o f  a t  le a s t  3 0  p e r c e n t ( 1 6 7 ) .
1.8 Treatment Options
T h e  a im  o f  t h e  t r e a t m e n t  in  p a t ie n t s  w i t h  g a s t r o - o e s o p h a g e a l  r e f lu x  is t o  r e l ie v e  
s y m p t o m s ,  t o  h e a l  t h e  c o m p l ic a t io n s  o f  c h r o n ic  r e f lu x  lik e  o e s o p h a g it is  a n d  t o  
p r e v e n t  c o m p l ic a t io n s  a n d  r e c u r r e n c e  o f  s y m p t o m s  a n d  le s io n s .
1.8.1 Lifestyle M easu res
T h e  c o r n e r s t o n e  o f  t h e  t r e a t m e n t  o f  r e f lu x  d is e a s e  is l i fe s ty le  m o d i f ic a t io n .  
A lth o u g h  t h e r e  a r e  n o  c o n t r o l le d  t r ia ls  t o  p r o v e  its  e f f e c t iv e n e s s ,  l i fe s ty le  
m o d if ic a t io n  is a d v is e d  b e c a u s e  o f  t h e  in h e r e n t  lo g ic  in  c o n t r ib u t o r y  fa c t o r s  f o r  
g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e .  P a t ie n ts  a r e  a d v is e d  t o  s to p  s m o k in g  
b e c a u s e  c h r o n ic  c ig a r e t t e  s m o k in g  c o m p r o m is e s  LES f u n c t io n  ( 8 5 - 8 9 ) .  D u r in g  
b o u ts  o f  c o u g h in g  i t  h a s  b e e n  o b s e r v e d  t h a t  t h e  lo w e r  o e s o p h a g e a l  s p h in c te r  
p r e s s u r e  is lo w e r  a n d  t h a t  m o r e  s p h in c te r  r e la x a t io n s  t a k e  p la c e  ( 1 2 2 ) .  D ie t a r y  
r e s t r ic t io n s  in c lu d e  a v o id in g  e a t in g  o r  d r in k in g  a lc o h o lic  b e v e r a g e s  2 - 3  h o u rs  
b e f o r e  s le e p in g  ( 9 0 - 9 3 ) .  P a t ie n ts  w i t h  h ia tu s  h e r n ia  a r e  a d v is e d  t o  e le v a t e  t h e
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h e a d  o f  t h e  b e d  b y  1 5 - 2 0  c m , a l th o u g h  n o  c o n t r o l le d  s tu d y  h a s  b e e n  p e r f o r m e d  
t o  p r o v e  t h e  u s e fu ln e s s  o f  th is  m e a s u r e .  O b e s e  p a t ie n t s  a r e  a d v is e d  t o  lo s e  
w e ig h t  a l th o u g h  it  h a s  n o t  b e e n  p r o v e n  t h a t  th is  w i l l  r e s u l t  in  im p r o v e m e n t  in  . 
r e f lu x .
1.8.2 M edical T herapy
S u b s ta n t ia l  p ro g re s s  h a s  b e e n  m a d e  in  t h e  la s t  t w o  d e c a d e s  in  t h e  t r e a t m e n t  o f  
g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e .  C o llo id a l  b is m u th  a n d  s u c r a l fa te  a r e  
e f f e c t iv e  a g a in s t  m ild  s y m p t o m s  in  c l in ic a l p r a c t ic e ( 1 6 8 ) .  T h e y  b in d  e p id e r m a l  
g r o w t h  f a c t o r  a n d  e le v a t e s  t h e  c o n c e n t r a t io n  o f  p e p t id e  in  u lc e r a t e d  a r e a s  o f  
g a s t r o in t e s t in a l  m u c o s a ( 1 6 9 ) .  T h e  in t r o d u c t io n  o f  H 2  b lo c k e r s  w a s  a  s ig n if ic a n t  
s u c c e s s  a n d  a c id  s u p p re s s io n  b r o u g h t  g r e a t  r e l i e f  t o  t h e  m a jo r i t y ( 1 7 0 ) .  P r o to n  
p u m p  in h ib i to r s  (P P Is ) h a v e  b e e n  s h o w n  t o  b e  m o r e  e f f e c t iv e  t h a n  H 2  b lo c k e r s  
in  r e l ie v in g  s y m p t o m s  a n d  h e a l in g  e r o s iv e  o e s o p h a g it is .  R e s u lts  f r o m  3 3  
r a n d o m iz e d  t r ia ls  w i t h  o v e r  3 0 0 0  p a t ie n t s  s h o w e d  t h a t  r e l ie f  o f  s y m p t o m s  c o u ld  
b e  a n t ic ip a t e d  in  8 3 %  o f  P P I t r e a t e d  p a t ie n t s  c o m p a r e d  w i t h  6 0 %  o f  p a t ie n t s  
t r e a t e d  w i t h  H 2  r e c e p to r s ,  w h i le  o e s o p h a g it is  h e a le d  in  7 8 %  a n d  5 0 %  o f  
p a t ie n t s  r e s p e c t iv e ly ( 1 7 1 ) .  P P Is  h a v e  b e e n  e s ta b l is h e d  as  p r o v id in g  s y m p t o m  
r e l i e f  a n d  h e a l in g  o f  le s io n s  in  u p  t o  8 5 %  o f  p a t ie n t s ( 1 7 2 ) .  A  t r ia l  h a s  s h o w n  
t h a t  a  s ig n i f ic a n t ly  h ig h e r  p e r c e n t a g e  o f  p a t ie n t s  r e m a in e d  in  r e m is s io n  a f t e r  1 2  
m o n t h s  t r e a t m e n t  w i t h  o m e p r a z o le  (7 2 % )  t h a n  w i t h  r a n i t id in e  ( 4 5 % ) ( 1 7 3 ) .  In
s o m e  p a t ie n t s  n o c t u r n a l  a c id  b r e a k t h r o u g h  h a s  b e e n  o b s e r v e d  w h ic h  is d e f in e d
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a s  t h e  o c c u r r e n c e  o f  a n  ¡n t r a g a s t r ic  p H  lo w e r  t h a n  f o u r  d u r in g  a t  le a s t  o n e  h o u r  
a t  n ig h t ( 1 7 4 ) .  A d d it io n a l  s u p p re s s io n  o f  n o c t u r n a l  a c id  b r e a k t h r o u g h  c a n  b e  
a c h ie v e d  b y  a d d in g  a n  H 2 - r e c e p t o r  a n t a g o n is t  t o  t h e  o p t im a l  P P I d o s e  t w ic e  
d a ily ,  a l th o u g h  r a p id  t o le r a n c e  t o  t h e  e f f e c t  o f  t h e  H 2 - r e c e p t o r  a n t a g o n is t  m a y  
o c c u r ( 1 7 5 ) .  R e c e n t  s tu d ie s  in  p a t ie n t s  w i t h  s e v e r e  r e f lu x  h a v e  fo u n d  t h a t  
a g g re s s iv e  a c id  s u p p re s s io n  w i t h  o m e p r a z o le  d e c r e a s e d  b o t h  a c id  a n d  d u o d e n a l  
r e f lu x  ( 1 7 6 ) .  G u t  e t  a l ( 1 7 7 ) f o u n d  t h a t  o e s o p h a g e a l  a c id  a n d  b ile  r e f lu x  w e r e  
b o t h  s ig n i f ic a n t ly  r e d u c e d  ( p < 0 .0 2 )  a f t e r  2 8  d a y s  o f  t r e a t m e n t  w i t h  
p a n t o p r a z o le  c o m p a r e d  t o  p r e - t r e a t m e n t  v a lu e s  in  p a t ie n t s .  M a r s h a l l  e t  a l ( 1 7 8 )  
s tu d ie d  o e s o p h a g e a l  a n d  g a s tr ic  b ile  r e f lu x  in  2 3  p a t ie n t s  w i t h  B a r r e t t 's  
o e s o p h a g u s  f in d in g  a s ig n if ic a n t  r e d u c t io n  in  b o t h  o e s o p h a g e a l  a n d  g a s tr ic  a c id  
a n d  b i le  r e f lu x  a f t e r  6 - 1 0  w e e k s  o f  t r e a t m e n t  w i t h  o m e p r a z o le .  T h e s e  s tu d ie s  
s u g g e s t  t h a t  t h e  d e c r e a s e  in  d u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x  m e a s u r e d  
a f t e r  t h e  u s e  o f  p r o t o n  p u m p  in h ib i to r s  is d u e  t o  t h e i r  in h ib i t io n  o f  b o t h  g a s tr ic  
a c id i ty  a n d  v o lu m e ,  m a k in g  s m a l le r  q u a n t i t y  o f  t h e  g a s t r ic  c o n t e n t  a v a i la b le  t o  
r e f lu x  in to  t h e  o e s o p h a g u s . M e d ic a l  t h e r a p y  h a s  t h e  a d v a n t a g e  o f  a v o id in g  a 
s u rg ic a l p r o c e d u r e  a n d  its  a s s o c ia te d  c o m p l ic a t io n s ,  a n  im p o r t a n t  c o n s id e r a t io n  
in  t h e  e ld e r ly  a n d  t h o s e  w i t h  c o n t r a in d ic a t io n s  t o  s u r g e r y .  H o w e v e r ,  in  y o u n g e r  
p a t ie n t s  in  w h o m  lo n g - t e r m  m e d ic a l  t h e r a p y  is a n t ic ip a t e d ,  a n t i - r e f lu x  s u r g e r y  
m a y  b e  a m o r e  s u i ta b le  a n d  c o s t  e f f e c t iv e  a l t e r n a t iv e .
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1.8.3 The Role o f Surgery
A lth o u g h  m e d ic a l  t h e r a p y  is e f f e c t iv e  in  t h e  m a jo r i t y ,  in  a s u b s e t  o f  p a t ie n t s ,  
r e f lu x  s y m p t o m s  p e r s is t  in  s p i te  o f  t h e r a p y  w i t h  s ta n d a r d  d o s e s  o f  P P Is . In  
a b o u t  h a l f  o f  p a t ie n t s  w i t h  p e r s is t e n t  o e s o p h a g it is  a n d  r e f lu x  s y m p t o m s ,  
d e s p i t e  s ta n d a r d  d o s e  P P I t h e r a p y ,  p e r s is t in g  a c id  r e f lu x  c a n  b e  
d e m o n s t r a t e d ( 1 7 9 ) .  T h e s e  m a y  b e  c o n s id e r e d  f o r  s u rg ic a l c o n t r o l .  S u r g e r y  
s h o u ld  a ls o  b e  c o n s id e r e d  f o r  y o u n g  p a t ie n t s  w h o  d o  n o t  w a n t  t o  t a k e  P P Is  f o r  
t h e  r e s t  o f  t h e i r  liv e s , p a t ie n t s  w i t h  s e v e r e  B a r r e t t 's  o e s o p h a g u s , p a t ie n t s  w h o  
s im p ly  c a n n o t  a f f o r d  t h e  m e d ic a t io n  o r  p a t ie n t s  w h o  a r e  a l le r g ic  t o  P P I's . N e w  
lo c a l m in im a l ly  in v a s iv e  t h e r a p ie s  h a v e  b e e n  d e v e lo p e d  lik e  t h e  e n d o s c o p ic  
s u t u r in g  d e v ic e  (E n d o c in c h ) ,  t h e  t e m p e r a t u r e - c o n t r o l l e d  r a d io f r e q u e n c y  e n e r g y  
s y s te m  (S t r e t t a )®  a n d  t h e  lo c a l s u b m u c o s a l d e p o s i t io n  o f  E th y le n e - v in y l  a lc o h o l  
im p la n t a t io n  ( E n t e r ix ) ( 1 8 0 ) .  D e s p ite  in i t ia l  e n t h u s ia s m  t h e  t h e r a p e u t ic  r o le  o f  
th e s e  r e c e n t ly  d e v e lo p e d  e n d o s c o p ic  a n t i - r e f lu x  p r o c e d u r e s  w il l  r e q u ir e  
a d d i t io n a l  e v a lu a t io n ( 1 8 1 ) .
1.8.4 A nti-reflux Surgery
1.8.4.1 Roux-en-Y
C e s a r  R o u x  ( 1 8 5 7 - 1 9 3 4 )  b e g a n  u t i l iz in g  h is  " L o o p -e n -Y "  p r o c e d u r e  f o r  g a s tr ic  
o u t l e t  o b s t r u c t io n ( 1 8 2 ) ( F ig u r e  8 ) .  T h is  t e c h n iq u e  fe l l  in to  d is fa v o u r  d u e  t o  a 
h ig h  in c id e n c e  o f  p o s t o p e r a t iv e  s to m a l  u lc e r a t io n ( 1 8 3 ) .  I t  w a s  r e v iv e d  w i t h
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a d d i t io n a l  v a g o t o m y  a n d  w a s  a d a p t e d  f o r  m u lt ip le  a p p l ic a t io n s ( 1 8 4 ) .  T h e  
g r e a t e s t  f a c t o r  in  its  r e v iv a l  h a s  b e e n  t h e  t r e a t m e n t  o f  d u o d e n o - g a s t r ic  r e f lu x .  
S tu d ie s  h a v e  u n d e r l in e d  t h a t  R o u x -e n -Y  d iv e r s io n  h a s  lo w  in c id e n c e  o f  
d u o d e n o - g a s t r ic  r e f lu x  a n d  is a n  e f f e c t iv e  p r o c e d u r e  t o  e l im in a t e  p r im a r y  o r  
s e c o n d a r y  d u o d e n o - g a s t r ic  r e f lu x ( 1 8 5 )  (F ig u r e  9 ) .
F ig u re  9  R o u x -e n -Y  r e c o n s t r u c t io n
T h e  c o n v e n t io n a l  R o u x -e n -Y  c a r r ie s  a n  in c r e a s e d  r is k  o f  s to m a l  u lc e r a t io n  w h ic h  
m a k e s  a d d i t io n a l  v a g o t o m y  n e c e s s a r y ( 1 8 6 ) .  T h e  s id e  e f f e c t s  o f  th is  in c lu d e  
d e la y e d  g a s tr ic  e m p t y in g ,  d im in is h e d  g a s tr ic  a c id  s e c r e t io n ,  d e c r e a s e d  s iz e  o f
t h e  g a s t r ic  r e s e r v o ir ,  in t e r r u p t io n  o f  n e u r o h u m o r a l  r e la t io n s h ip s  a n d  f e e d b a c k  
m e c h a n is m s  o f  t h e  s to m a c h ,  d u o d e n u m ,  p a n c r e a s  a n d  t h e  h e p a t o b i l ia r y  s y s te m  
as  w e l l  as  r e d u c e d  t r o p h ic  e f f e c t  o f  g a s t r in  o n  g a s tr ic  m u c o s a ( 1 8 7 ) .  C l in ic a lly  
th is  m a y  r e s u lt  in  e p ig a s t r ic  fu lln e s s ,  n a u s e a ,  i n t e r m i t t e n t  o r  p o s t - p r a n d ia l  
v o m i t in g  o r  a b d o m in a l  p a in ( 1 8 8 ) .  S a lm in e n  e t  a l ( 1 8 9 )  p r o v id e d  f u r t h e r  in s ig h t  
f o r  t h e  im p o r t a n c e  o f  D G O R  in  G O R D  in  t h e i r  s tu d y  w h e r e  s e v e r e  r e f lu x  d is e a s e  
w a s  t r e a t e d  b y  R o u x -e n -Y  p r o c e d u r e  a n d  s e le c t iv e  v a g o t o m y  p r e v io u s ly  
d e s c r ib e d  b y  F e k e te  e t  a l ( 1 8 6 ) .  A ll p a t ie n t s  w e r e  r e l ie v e d  o f  t h e i r  s y m p t o m s  
a n d  o e s o p h a g it is  h e a le d ,  b u t  p o s t - o p e r a t iv e  p H  a n a ly s is  s h o w e d  u n a l t e r e d  a c id  
lo a d  in  t h e  o e s o p h a g u s ( 1 8 6 ) .  T h u s  in h ib i t io n  o f  b i l ia r y ,  b u t  n o t  a c id , r e f lu x  
p r o m o t e d  h e a l in g  a n d  s y m p t o m  r e l ie f .
1.8.4 .2  N issen 's Fundoplication
A n t i r e f lu x  s u r g e r y  a im s  t o  p r e v e n t  r e f lu x  b y  r e s t o r in g  a o n e  w a y  v a lv e  t o  t h e  
lo w e r  e n d  o f  t h e  o e s o p h a g u s . T h is  s u r g e r y  c a n  b e  p e r f o r m e d  la p a r o s c o p ic a l ly  
t h r o u g h  t h e  a b d o m e n  (F ig u r e  1 0 ) .
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F ig u r e  1 0  N is s e n 's  F u n d o p l ic a t io n .  A d a p t e d  f r o m :  S a b a s t io n  T e x t b o o k  o f  S u r g e r y  
1 7 t h  E d . 2 0 0 4  E ls e v ie r  Pg 1 1 6 0  b y  b y  C o u r t n e y  M .  T o w n s e n d
S o m e  p a t ie n t s  w i l l  r e q u ir e  c o n v e r s io n  t o  a n  o p e n  o p e r a t io n  a s  a r e s u l t  o f  
a b n o r m a l  a n a t o m y ,  p r e v io u s  s u r g e r y  w i t h  s c a r r in g  o r  f r o m  c o m p l ic a t io n s  f r o m  a 
s h o r t  o e s o p h a g u s , b le e d in g  o r  in ju r y  t o  o t h e r  o r g a n s .  T h e  s u c c e s s  o f  s u r g e r y  
d e p e n d s  o n  t h e  e x p e r ie n c e  o f  t h e  s u r g e o n  a n d  t h e  c o r r e c t  in d ic a t io n .  T h e  m o s t  
f r e q u e n t ly  p e r f o r m e d  p r o c e d u r e s  a r e  t h e  N is s e n -R o s e t t i  ( 3 6 0 ° ) ,  o r  t h e  T o u p e t  
( 2 7 0 ° )  o p e r a t io n s .  T h e  N is s e n  f u n d o p l ic a t io n  is t h e  m o s t  p o p u la r  p r o c e d u r e  f o r  
p a t ie n t s  w i t h  s e v e r e  r e f r a c t o r y  r e f lu x  w i t h  a  n o r m a l ly  fu n c t io n in g  o e s o p h a g e a l  
b o d y  b u t  w i t h  p r o v e n  p a th o lo g ic a l  r e f lu x ,  in s u f f ic ie n t  lo w e r  o e s o p h a g e a l  
s p h in c t e r  o r  h ia tu s  h e r n ia .  F u n d o p l ic a t io n  is w e l l  k n o w n  t o  e f f e c t iv e ly  in h ib i t  
g a s t r o - o e s o p h a g e a l  r e f lu x  a n d  h a s  b e e n  p u t  f o r w a r d  as  t h e  t r e a t m e n t  o f  c h o ic e
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f o r  p a t ie n t s  w i t h  D G O R  a n d  B a r r e t t 's  o e s o p h a g u s ( 1 9 0 ) .  N is s e n 's  f u n d o p l ic a t io n  
h a s  b e e n  t h e  m a in  s u rg ic a l t r e a t m e n t  o f  p a t ie n t s  w i t h  a c id  a n d  b i le  r e f lu x  in to  
t h e  o e s o p h a g u s . W i t h  th is  p r o c e d u r e  r e f lu x  m a y  b e  r e d u c e d  b u t  n o t  c o m p le t e ly  
a b o l is h e d  ( 1 9 1 , 1 9 2 ) .
1.8 .4 .3  D uodenal Switch
A n  a l t e r n a t iv e  o p e r a t io n  is d iv e r s io n  o f  d u o d e n a l  ju ic e  s u c h  as  b y  t h e  d u o d e n a l  
s w itc h  p r o c e d u r e .  T h is  e f f e c t iv e ly  in h ib its  d u o d e n a l  ju ic e s  r e a c h in g  t h e  
s to m a c h  a n d  o e s o p h a g u s . T h e  s u p r a - p a p i l la r y  R o u x -e n -Y  d u o d e n o ­
j e ju n o s t o m y  (D u o d e n a l  S w itc h ) ,  s p e c if ic a l ly  d e s ig n e d  t o  d iv e r t  b ile ,  w i t h o u t  
v a g o t o m y  a n d  a n t r e c t o m y  s e e m s  t o  e n t a i l  less  d r a w b a c k s ,  a n d  t h e r e f o r e  m ig h t  
b e  b e t t e r  a l t e r n a t iv e  t h a n  c la s s ic a l R o u x -e n -Y  d u o d e n a l  d iv e r s io n ( 8 6 ) .  T h e  
in t r o d u c t io n  o f  d u o d e n a l  s w itc h  p r o c e d u r e  s e e m s  id e a l  t o  a b o lis h  c o m p le t e ly  
a lk a l in e  r e f lu x  w i t h o u t  d is tu r b in g  g a s tr ic  m o t i l i t y  a n d  e m p t y in g  ( 8 6 )  (F ig u r e  1 1 ) .
F ig u r e  1 1  D u o d e n a l  S w itc h .  A d a p t e d  f r o m :  P e rd ik is  G , S a e k i S. A lk a l in e  
g a s t r o e s o p h a g e a l  r e f lu x  d is e a s e .  In : H in d e r  R A , e .
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T h e  t w o  m o s t  im p o r t a n t  t y p ic a l  s y m p t o m s  o f  G O R D  a r e  h e a r t b u r n  a n d  a c id  
r e g u r g i t a t io n ( 1 9 3 ) .  H e a r t b u r n  is a  r e t r o s t e r n a l  b u r n in g  s e n s a t io n  t h a t  r a d ia te s  
to w a r d s  t h e  t h r o a t  o r  m o u t h .  It  m a y  o c c u r  a f t e r  m e a ls ,  in  s u p in e  p o s it io n  a n d  
o n  b e n d in g  o v e r  o r  h e a v y  l i f t in g ( 1 9 4 ) .  R e g u r g it a t io n  is t h e  e f f o r t le s s  r e t u r n  o f  
g a s tr ic  c o n t e n t  in to  t h e  o e s o p h a g u s  a n d  f r e q u e n t ly  in to  t h e  m o u t h .  T h is  f lu id  
c a n  b e  a c id  o r  fo o d  a n d  c a n  o c c u r  w h i le  p r o n e  o r  s u p i n e ( 1 9 5 , 1 9 6 ) .  I t  m a y  
r e s u l t  in  a c u t e  d y s p n o e a ,  c h o k in g  a n d  c o u g h in g ( 1 9 7 ) .
G a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  m a y  p r e s e n t  w i t h  a n u m b e r  o f  a ty p ic a l  
s y m p t o m s .  N o n -s p e c i f ic  u p p e r  g a s t r o in t e s t in a l  s y m p t o m s  a r e  n a u s e a ,  
d y s p e p s ia , b lo a t in g ,  b e lc h in g  o r  in d ig e s t io n ( 1 9 8 - 2 0 0 ) .  P u lm o n a r y  s y m p t o m s  
a t t r ib u t e d  t o  r e f lu x  d is e a s e  in c lu d e  c h r o n ic  c o u g h , w h e e z in g ,  n o c t u r n a l  
d y s p n o e a ,  a s t h m a ,  r e c u r r e n t  a s p ir a t io n  a n d  p u lm o n a r y  f ib r o s is ( 2 0 1 ,  2 0 2 ) .
R e f lu x  r e la t e d  o t o - r h in o - la r y n g o lo g ic a l  a n d  o r a l  s y m p t o m s  a r e  h o a r s e n e s s ,  
d y s p h o n e a ,  p o s tn a s a l  d r ip ,  g lo b u s , h a lito s is  a n d  w a t e r  b r a s h ( 2 0 3 / 2 0 4 ) .  T h e s e  
s y m p t o m s  a r e  p r o b a b ly  c a u s e d  b y  n o c t u r n a l  r e f lu x ( 2 0 5 ) .  D e n t a l  e r o s io n s  a r e  
p o t e n t ia l  o r a l  c o m p l ic a t io n s  o f  r e f lu x ( 2 0 6 ) .
O e s o p h a g e a l  m a n i f e s t a t io n s  o f  r e f lu x  in c lu d e  e r o s iv e  o e s o p h a g it is ,  o e s o p h a g e a l  
s t r ic tu r e s  a n d  m o t i l i t y  d is t u r b a n c e s ( 1 9 3 ,  2 0 7 ) .  O v e r w h e lm in g  e v id e n c e
1.9 Clinical expression and Implications of reflux
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s u g g e s ts  B a r r e t t 's  o e s o p h a g u s  (F ig u r e  1 2 )  is a n  a c q u ir e d  c o n d i t io n  s e c o n d a r y  t o  
c h r o n ic  d u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x  a n d  a  k n o w n  r is k  f a c t o r  f o r  
o e s o p h a g e a l  a d e n o c a r c in o m a  (3 0 ,  2 0 8 - 2 1 1 ) .
F ig u re  1 2  B a r r e t t 's  O e s o p h a g u s  o n  E n d o s c o p y  C la s s ic  B a r r e t t 's  E s o p h a g u s  -  
U p p e r  E n d o s c o p y , C h a p t e r  3  B a r r e t t 's  e s o p h a g u s  a n d  e s o p h a g e a l  c a n c e r ,  F ig  1  
2 0 0 3  B la c k w e l l - 2
1.10 Use of Molecular Markers
B io lo g ic a l m a r k e r s  a s  o b je c t iv e  c r i t e r ia  m a y  h e lp  t o  s u p p le m e n t  a n d  s t a n d a r d iz e  
h is to lo g ic a l  d ia g n o s is  a n d  im p r o v e  e f f ic a c y  o f  s u r v e i l la n c e  p r o g r a m s .  S o m e  o f  
th e s e  m o le c u la r  a b n o r m a l i t ie s  m a y  e v e n  b e c o m e  t a r g e t s  f o r  n e w  t h e r a p e u t ic s .
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In  t h e  f o l lo w in g  o v e r v ie w ,  t w o  i m p o r t a n t  b io lo g ic a l m a r k e r s  a r e  d is c u s s e d  in  t h e  
c o n t e x t  o f  t h e i r  c e l lu la r  a n d  s u b c e l lu la r  f u n c t io n .
1.10.1 p53
T r a n s it io n  o f  c e lls  t h r o u g h  d i f f e r e n t  c e ll  c y c le s  a n d  in d u c t io n  o f  a p o p to s is  a r e  
c ru c ia l s te p s  d u r in g  t is s u e  p r o l i f e r a t io n  a n d  s e v e r a l  g e n e s  g o v e r n  th is .  T h e  
t r a n s c r ip t io n  f a c t o r  p 5 3  in d u c e s  c e ll c y c le  a r r e s t ,  a p o p to s is ,  s e n e s c e n c e ,  D N A  
r e p a i r  a n d  c h a n g e s  in  m e t a b o l is m  b y  r e g u la t in g  t a r g e t  g e n e s  in  r e s p o n s e  t o  a 
v a r ie t y  o f  c e l lu la r  s tre s s e s  ( 2 1 2 ) .  T h e  p 5 3  p r o t e in  a ls o  a p p e a r s  t o  p la y  a r o le  in  
n o n - t r a n s c r ip t io n a l  c y to p la s m ic  p ro c e s s e s  t o  in d u c e  a p o p t o s is ( 2 1 3 ) .  A  n u m b e r  
o f  p o s t - t r a n s la t io n a l  m o d i f ic a t io n s  a n d  a b u n d a n t  is o fo r m s  o f  p 5 3  m o d u la t e  its  
a c t iv i t y ( 2 1 4 ) .  T h e  p 5 3  p r o t e in  p la y s  a m a jo r  r o le  in p r e v e n t in g  t u m o u r  
d e v e lo p m e n t ( 2 1 5 ) .  I t  r e s p o n d s  t o  a r a n g e  o f  p o t e n t ia l ly  o n c o g e n ic  s tre s s e s  b y  
a c t iv a t in g  p r o t e c t iv e  m e c h a n is m s , m o s t  n o t a b ly  c e ll c y c le  a r r e s t  a n d  
a p o p t o s is ( 2 1 6 ) .  D N A  d a m a g e  a n d  o t h e r  s tre s s  s ig n a ls  m a y  t r ig g e r  t h e  in c r e a s e  
o f  p 5 3  p r o t e in s ,  w h ic h  h a v e  t h r e e  m a jo r  fu n c t io n s :  g r o w t h  a r r e s t ,  D N A  r e p a ir  
a n d  a p o p to s is  (c e ll d e a t h ) ( 2 1 7 ) .  G r o w t h  a r r e s t  s to p s  t h e  p r o g r e s s io n  o f  c e ll 
c y c le , p r e v e n t in g  r e p l ic a t io n  o f  d a m a g e d  D N A . D u r in g  g r o w t h  a r r e s t ,  p 5 3  m a y  
a c t iv a t e  t h e  t r a n s c r ip t io n  o f  p r o t e in s  in v o lv e d  in  D N A  r e p a i r ( 2 1 8 ) .  A p o p to s is  is 
t h e  " la s t  r e s o r t "  t o  a v o id  p r o l i f e r a t io n  o f  c e lls  c o n t a in in g  a b n o r m a l  D N A ( 2 1 9 ) .  
T h e  c e l lu la r  c o n c e n t r a t io n  o f  p 5 3  m u s t  b e  t ig h t ly  r e g u la t e d .  W h i le  i t  c a n
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s u p p re s s  tu m o u r s ,  h ig h  le v e l  o f  p 5 3  m a y  a c c e le r a t e  t h e  a g in g  p ro c e s s  b y  
e x c e s s iv e  a p o p to s is .  T h e  m u t a t e d  p - 5 3  p r o t e in ,  b e c a u s e  o f  its  lo n g e r  h a l f - l i f e ,  
a c c u m u la te s  in  t h e  n u c le i  a n d  is e a s i ly  d e t e c t a b le  b y  im m u n o h is t o c h e m is t r y .
I t  is a m u t a t io n  o f  t h e  g e n e  i t s e l f  o r  lo ss  o f  c e ll s ig n a l l in g ,  e i t h e r  u p s t r e a m  o r  
d o w n s t r e a m ,  t h a t  le a d s  t o  t h e  u b iq u ito u s  lo ss  o f  p 5 3  a c t iv i t y  in  h u m a n  c a n c e r  
c e lls  ( 2 1 2 ,  2 1 3 ,  2 1 5 ) .  T h e  p 5 3  g e n e  is fo u n d  o n  t h e  lo c u s  1 7 p l 3 . 1 ( 2 2 0 )  a n d  th is  
lo c u s  is k n o w n  f o r  its  in v o lv e m e n t  in  t h e  e a r ly  s ta g e s  o f  B a r r e t t 's  o e s o p h a g u s  
( 2 2 1 ) .  A  s t r o n g  c o r r e la t io n  b e t w e e n  t e l o m e r e  le n g t h  a n d  a l t e r n a t io n s  o n  
c h r o m o s o m e  1 7  s u c h  as lo s s  o f  t h e  1 7 p  a r m  s ig n a l h a s  b e e n  d e m o n s t r a t e d .  
C h r o m o s o m a l  in s ta b i l i t y  c a n  p r o g r e s s  t o  D N A  a n e u p lo id y ,  s h o w n  t o  b e  a s t r o n g  
p r e d ic t o r  o f  p r o g r e s s io n  f r o m  B a r r e t t 's  o e s o p h a g u s  t o  c a n c e r  ( 2 2 2 ) .
T h e  im p o r t a n c e  o f  p 5 3  as a t u m o u r  s u p p r e s s o r  is r e f le c t e d  b y  its  h ig h  r a t e  o f  
m u t a t io n  in  h u m a n  c a n c e r ,  w i t h  > 5 0 %  o f  a d u l t  h u m a n  t u m o u r s  s p e c ia l ly  
a d e n o c a r c in o m a  o f  t h e  o e s o p h a g u s  b e a r in g  in a c t iv a t in g  m u t a t io n s  o r  d e le t io n s  
in  t h e  TP53 g e n e  ( 2 2 3 ) .  A  s u b s e q u e n t  m u l t i - in s t i t u t io n a l  s tu d y  o f  n in e t y - e ig h t  
c a s e s  i l lu s t r a t e d  T P 5 3  m u t a t io n s  in  d y s p la s t ic  B a r r e t t 's  m e t a p la s ia  b u t  n o t  in  
lo w - g r a d e  o r  n o n -d y s p la s t ic  B a r r e t t 's  m e t a p la s ia  ( 2 2 4 ) .  A  m o r e  r e c e n t  s tu d y  
s h o w e d  t h a t  w h i le  a ll a d e n o c a r c in o m a s  d e m o n s t r a t in g  T P 5 3  m u t a t io n s  
e x p r e s s e d  p 5 3  in  Im m u n o h is t o c h e m is t r y ,  a  m a jo r i t y  o f  c a s e s  o f  p 5 3  e x p r e s s io n
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w e r e  w i t h o u t  m u t a t io n s ( 2 2 5 ) .  T h e  f in d in g s  o f  th is  s tu d y  w e r e  t h a t  t h e  v a s t  
m a jo r i t y  o f  B a r r e t t 's  a s s o c ia te d  o e s o p h a g e a l  t u m o u r s  e x p r e s s e d  p 5 3  
a c c u m u la t io n  (8 3 % )  w h e r e a s  o n ly  9 .6 %  h a r b o u r e d  t h e  m u t a t i o n ( 2 2 5 ) .  T h e y  
c o n c lu d e d  t h a t  p 5 3  a c c u m u la t io n  is a  b e t t e r  m a r k e r  f o r  o e s o p h a g e a l  
a d e n o c a r c in o m a  t h a n  T P 5 3  g e n e  m u t a t io n s  ( 2 2 5 ) .
T h e  r e c o g n it io n  o f  a n  a s s o c ia t io n  b e t w e e n  p 5 3  a n d  B a r r e t t 's  o e s o p h a g u s  a n d  
o e s o p h a g e a l  a d e n o c a r c in o m a  d a t e s  t o  t h e  e a r ly  1 9 9 0 s  w h e n  a n u m b e r  o f  
s tu d ie s  d e m o n s t r a t e d  p o s it iv e  IH C  s ta in in g  o f  d y s p la s t ic  B a r r e t t 's  m e t a p la s ia  
a n d  a d e n o c a r c in o m a  w i t h  p 5 3 ( 2 1 7 - 2 1 9 ,  2 2 1 ,  2 2 6 ) .  T h e s e  s tu d ie s  e s ta b l is h e d  
t h a t  w h i le  c a r c in o m a  a n d  d y s p la s t ic  B a r r e t t 's  o e s o p h a g u s  s ta in  p o s i t iv e ly  f o r  
p 5 3  in  a  m a jo r i t y  o f  c a s e s , lo w  g r a d e  d y s p la s ia  a n d  B a r r e t t 's  m e t a p la s ia  w i t h o u t  
d y s p la s ia  d id  n o t  e x h ib i t  p 5 3  s ta in in g  o n  IH C .
S in c e  2 0 0 0  t h e  d e g r e e  o f  o v e r - e x p r e s s io n  o f  p 5 3  h a s  b e e n  i l lu s t r a t e d  t o  b e  a n  
in d ic a t o r  f o r  a d v a n c e m e n t  f r o m  lo w - g r a d e  d y s p la s ia  t o  h ig h -g r a d e  d y s p la s ia  a n d  
a d e n o c a r c in o m a  b y  a n u m b e r  o f  s tu d ie s  ( 2 2 7 - 2 3 2 ) .  In  2 0 0 9  a s tu d y  b y  H r itz  e t  
a l ( 2 3 3 )  c o n c lu d e d  t h a t  q u a n t i f ic a t io n  o f  p 5 3  e x p r e s s io n ,  as  t h e  p e r c e n t a g e  o f  
p o s it iv e  n u c le i ,  is p r e d ic t iv e  o f  t h e  d e v e lo p m e n t  o f  a d e n o c a r c in o m a .  S in c e  
2 0 0 7 ,  s tu d ie s  h a v e  b e e n  d i r e c t e d  a t  d e t e r m in in g  w h e t h e r  o r  n o t  p 5 3  e x p r e s s io n  
is a p r e d ic t o r  o f  r e s p o n s e  t o  t h e r a p ie s  ( 2 3 4 - 2 3 6 ) .  In  t h e  la s t d e c a d e  t h e  u s e  o f
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p 5 3  as  a n  in d ic a t o r  o f  B a r r e t t 's  o e s o p h a g u s  a n d  a d e n o c a r c in o m a  h a s  b e c o m e  
e s ta b l is h e d  as  n o t  o n ly  in d ic a t iv e  o f  m e t a p la s ia  a n d  n e o p la s ia  b u t  a ls o  
p r e d ic t iv e  o f  p r o g r e s s io n  f r o m  lo w - g r a d e  d y s p la s ia  t o  h ig h  g r a d e  o r  
a d e n o c a r c in o m a  a n d  r e s p o n s e  t o  t h e r a p y .
1.10.2 Ki-67
C e ll p r o l i f e r a t io n  is t h o u g h t  t o  b e  o n e  o f  t h e  e a r l ie s t  s te p s  in  t h e  d e v e lo p m e n t  
o f  c a n c e r  a n d  B a r r e t t 's  o e s o p h a g u s . P r o l i f e r a t io n  c a n  b e  in d u c e d  b y  c h r o n ic  c e ll  
in ju r y  p r o d u c e d  b y  r e f lu x  a n d  m a y  b e  a s s e s s e d  b y  im m u n o h is t o c h e m is t r y  w i t h  
u s e  o f  a n t ib o d ie s  t h a t  r e c o g n iz e  a n t ig e n s ,  w h ic h  a r e  e x p r e s s e d  in  n u c le u s  d u r in g  
p r o l i f e r a t io n .  K i-6 7  is a n u c le a r  p r o t e in  e n c o d e d  b y  t h e  M K 1 6 7  g e n e .  I t  w a s  
f i r s t  d is c o v e r e d  a n d  la b e l le d  a s  a n  a n t ig e n  in  1 9 8 3  (K i - 6 7  a n t ig e n )  in  t h e  c ity  o f  
K ie l, f r o m  w h ic h  t h e  p r o t e in  d e r iv e s  its  n a m e .  G e r d e s  e t  a l ( 2 3 7 )  w e r e  t h e  t e a m  
t h a t  in i t ia l ly  d e f in e d  t h e  p r o t e in  a n d  G e r d e s  h a s  b e e n  p r o m in e n t  in  t h e  f ie ld  o f  
r e s e a rc h  s u r r o u n d in g  t h e  p r o t e in  s in c e . T h e  a n t ib o d y  t o  t h e  p r o t e in  r e a c ts  w i t h  
a c e r t a in  n u c le a r  s t r u c t u r e  p r e s e n t  o n ly  in  p r o l i f e r a t in g  c e lls  a n d  s o  e x p r e s s io n  
o f  t h e  p r o t e in  is s t r ic t ly  a s s o c ia te d  w i t h  c e l lu la r  p r o l i f e r a t io n  a n d  t h e  a c t iv e  
p h a s e s  o f  t h e  c e ll c y c le ( 2 3 8 ) .  T h is  h a s  le a d  t o  its  u s e  as  a n  in d ic a t o r  o f  t h e  
g r o w t h  f r a c t io n  o f  a g iv e n  c e ll p o p u la t io n ( 2 3 9 )  t h a t  is, t h e  f r a c t io n  o f  c e lls  b o r n  
in t o  t h e  p r o l i f e r a t iv e  c a te g o r y .  M IB - 1  is t h e  n a m e  g iv e n  t o  t h e  a n t ib o d y  u s e d  t o  
s ta in  t h e  h u m a n  K i-6 7  p r o t e in  w h ic h  s h o w s  t h e  p r o l i f e r a t io n  a c t iv i t y  o f  a g r o u p  
o f  c e lls . T h e  m a r k e r  h a s  b e e n  u s e d  a lo n g s id e  p r o l i f e r a t in g  c e ll n u c le a r  a n t ig e n
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(P C N A ) in  m a n y  c a s e s  b u t  h a s  a ls o  b e e n  s h o w n  t o  b e  e a s ie r  t h a n  P C N A  t o  
i n t e r p r e t  b e c a u s e  i t  h a s  less  b a c k g r o u n d  s ta in in g  a n d  s t r o n g e r ,  m o r e  u n i f o r m  
p o s it iv e  s ig n a ls ( 2 4 0 ) .
M u c h  r e s e a rc h  h a s  b e e n  c o n d u c te d  in to  t h e  u s e  o f  K i-6 7  p o s it iv e  s ta in in g  t o  
r e f le c t  t h e  p r e s e n c e  o f  d y s p la s ia  o r  n e o p la s t ic  g r o w t h .  In  t h e  a r e a  o f  B a r r e t t 's  
o e s o p h a g u s , it  h a s  b e e n  s h o w n  t h a t  t h e  n u m b e r  o f  K i-6 7 - p o s i t iv e  c e lls  w a s  
s ig n if ic a n t ly  g r e a t e r  in  B a r r e t t 's  e p i t h e l ia l  m u c o s a  w h e n  c o m p a r e d  t o  n o r m a l  
o e s o p h a g e a l  m u c o s a ( 2 4 1 ) .  T h is  in d ic a te s  t h a t  c e r t a in  K i-6 7  s ta in in g  p a t t e r n s  
m a y  d e m o n s t r a t e  t h e  p r e s e n c e  o f  in t e s t in a l  m e t a p la s ia .
I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  a b n o r m a l ly  p e r s is t e n t  e x p r e s s io n  o f  K i-6 7  is 
a s s o c ia te d  w i t h  p r e m a l ig n a n t  d y s p la s ia  in  o e s o p h a g e a l  s q u a m o u s  e p i t h e l iu m  
a n d  B a r r e t t 's  m u c o s a ( 2 4 2 ) .  T h e  c a s e  h a s  a ls o  b e e n  m a d e  t h a t  t h e r e  m a y  b e  a  
p r e d ic t iv e  v a lu e  in  t h e  K i-6 7  le v e ls  p r e s e n t  in  g a s tr ic  c a r c in o m a ( 2 4 3 ) .  A  
J a p a n e s e  s tu d y  s h o w e d  t h a t  p a t ie n t s  w i t h  ly m p h  n o d e  m e t a s t a s e s  h a d  h ig h e r  
K i-6 7  la b e l l in g  p e r c e n ta g e s  t h a n  th o s e  w i t h o u t ( 2 4 4 ) .
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W e  h y p o th e s iz e  t h a t  t h e  in t e r n a l  m ic r o - e n v i r o n m e n t  h o ld s  t h e  k e y  t o  t h e  
d e v e lo p m e n t  o f  o e s o p h a g e a l  a d e n o c a r c in o m a .  C h a n g e s  in  th is  e n v i r o n m e n t  
m a y  h a v e  a  m a jo r  im p a c t  o n  t h e  p o t e n t ia l  f o r  n e o p la s ia  o f  t h e  lo w e r  
o e s o p h a g u s  o r  t h e  s to m a c h .
W e  f u r t h e r  h y p o th e s iz e d  t h a t  e v e n ts  w h ic h  im p a c t  o n  th is  m ic r o - e n v i r o n m e n t ,  
s u c h  as  r e m o v a l  o f  t h e  g a l lb la d d e r  a n d  th u s  t h e  s to r a g e  f a c i l i t y  f o r  s e c r e te d  b ile ,  
o r  u p p e r  g a s t r o in t e s t in a l  s u r g e r y  m a y  c r i t ic a l ly  a l t e r  t h e  d y n a m ic s  o f  b i le  r e le a s e  
a n d  r e p r o d u c e  t h e  c o n d it io n s  c o n d u c iv e  t o  t h e  d e v e lo p m e n t  o f  o e s o p h a g e a l  
a n d  g a s tr ic  c a n c e r .
T h e  a im s  o f  th is  th e s is  w e r e  t o  c o n d u c t  a s e r ie s  o f  s tu d ie s  t o  e x a m in e  c h a n g e s  
a t  a  c l in ic a l,  p a t h o lo g ic a l  a n d  m o le c u la r  le v e l  a n d  t o  e x a m in e  t h e  im p a c t  o f  
t h e s e  c h a n g e s  o n  t h e  m u c o s a  o f  s to m a c h  a n d  o f  t h e  lo w e r  o e s o p h a g u s . T h e  
f i r s t  s tu d y  w a s  c o n d u c te d  t o  lo o k  a t  t h e  p r e v a le n c e  o f  b ile  r e f lu x  in  t h r e e  
d is t in c t  p a t ie n t  g r o u p s :  P a t ie n ts  p r e s e n t in g  w i t h  u p p e r  a b d o m in a l  s y m p t o m s ,  
p a t ie n t s  o n  B a r r e t t 's  s u r v e i l la n c e  a n d  p a t ie n t s  p o s t  o e s o p h a g o - g a s t r e c t o m y .
T h e  s e c o n d  s tu d y  w a s  r e t r o s p e c t iv e  a n d  c o n d u c t e d  t o  s p e c if ic a l ly  lo o k  a t  t h e  
h is to lo g ic a l  a n d  m o le c u la r  c h a n g e s  b r o u g h t  a b o u t  in  p a t ie n t s  w i t h  a r e m o t e  
h is to r y  o f  c h o le c y s t e c to m y .  T h e  t h ir d  s tu d y  w a s  p r o s p e c t iv e  a n d  d e s ig n e d  to  
lo o k  a t  t h e  e a r ly  a n d  s h o r t - t e r m  e f f e c t s  o f  c h o le c y s t e c t o m y  in  p a ir e d  
p o p u la t io n .
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3.1 Study Approval
T h e s e  s tu d ie s  w e r e  a p p r o v e d  b y  t h e  e th ic s  c o m m i t t e e  o f  C o n n o l ly  H o s p ita l ,  
D u b lin  a n d  c o n d u c te d  in  a c c o r d a n c e  w i t h  t h e i r  g u id e l in e s .  A ll p a r t ic ip a n t s  g a v e  
t h e i r  c o n s e n t  t o  p a r t ic ip a t e  in  t h e  s tu d y .  N o  e c o n o m ic  r e im b u r s e m e n t  w a s  
g iv e n  f o r  p a r t ic ip a t io n .
3.2 Upper Gl Endoscopy
U p p e r  g a s t r o in t e s t in a l  e n d o s c o p y  w a s  p e r f o r m e d  o n  a ll p a t ie n t s  b y  b o t h  t h e  
p r im a r y  r e s e a r c h e r ,  w h o  h a d  1 6  t r a in in g  s e s s io n s  w i t h  t h e  s u p e r v is o r  b e f o r e  t h e  
s tu d y ,  a n d  t h e  s u p e r v is o r  (p r o fe s s o r  o f  G l s u r g e r y )  in  C o n n o l ly  H o s p it a l .  In  
o r d e r  t o  a c h ie v e  e n d o s c o p ic  a s s e s s m e n t  r e l ia b i l i t y  t h e  t w o  e n d o s c o p is ts  h a d  a 
c o n s e n s u s  m e e t in g  a n d  r e v ie w e d  c o m m o n  m a c r o s c o p ic  f in d in g s  a n d  
s t a n d a r d iz e d  c r i t e r ia  f o r  in f la m m a t io n ,  B a r r e t t 's  o e s o p h a g u s , g a s tr ic  a n d  
d u o d e n a l  u lc e r a t io n .  M u l t ip le  b io p s ie s , a t  le a s t  4 ,  w e r e  ta k e n  f r o m  t h e  g a s tr ic  
a n t r u m ,  t h e  lo w e r  o e s o p h a g u s  o r  t h e  a n a s t o m o t ic  s ite .
3.3 Tissue Processing and Staining
T h e  B ile  R e f lu x  In d e x  (B R I)  w a s  o b t a in e d  b y  h is to lo g ic a l  e x a m in a t io n  o f  s e c t io n s  
o f  t h e  s p e c im e n s  t h a t  w e r e  s ta in e d  w i t h  h a e m a t o x y l in  a n d  e o s in  (H & E ) .  
H a e m a t o x y l in  s ta in s  n u c le i  a  d a r k  b lu e  o r  n a v y  c o lo u r  a n d  e o s in  s ta in s
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c y to p la s m  p in k . T h e  s lid e s  w i t h  t is s u e  s lic e s  4 ja m  t h in  a r e  p la c e d  in to  t h e  T is s u e  
T e k ®  P r is m a ™  A u t o m a t e d  s lid e  s t a in e r  f o r  s ta in in g .  T h e  m a c h in e  f i r s t  m e lts  
t h e  w a x  b y  c h e m ic a l ly  d is s o lv in g  i t  in  x y le n e .  I t  t h e n  im m e r s e s  t h e  b a s k e ts  o f  
s lid e s  in t o  s o lu t io n  r e s e r v o ir s  o f  e t h a n o l  a d v a n c in g  f r o m  h ig h e r  g r a d e  t o  lo w e r  
f in a l ly  in to  a r e s e r v o ir  o f  w a t e r .  T h e  p ro c e s s  o f  s ta in in g  f o r  h a e m a t o x y l in  is 
re g r e s s iv e  s ta in in g .  T h e  s lid e s  a r e  p la c e d  in  a r e s e r v o ir  o f  h a e m a t o x y l in  a n d  
t h e n  in t o  a 1% h y d r o c h lo r ic  a c id  s o lu t io n ,  w h ic h  r e m o v e s  a ll o f  t h e  s ta in in g  
e x c e p t  a t  t h e  n ù c le i .  S ta in in g  f o r  e o s in  is t h e n  p e r f o r m e d  b y  in i t ia l ly  im m e r s in g  
t h e  s lid e s  in  9 5 %  e t h a n o l  a n d  t h e n  e o s in .  T h e  s lid e s  t h e n  p r o c e e d  t o  t h e  T is s u e  
T e k ®  G la s s  c o v e r s l ip p e r  f o r  a u t o m a t e d  c o v e r s l ip p in g .  T h e  c o v e r s lip s  f o r m  a  
s e c u r e  b o n d  w i t h  t h e  s lid e  b y  a p p ly in g  t h e  T h e r m o  S c ie n t i f ic  S h a n d o n  C o n s u l-  
M o n t ,  a x y le n e  b a s e d  g lu e .  T h e  c o v e r s l ip p e d  s lid e s  a r e  t h e n  d r ie d  in  t h e  
m a c h in e  b y  t w o  d r y in g  fa n s  a b o v e  a n d  b e lo w  t h e  s lid e s . T h e  d r ie d  s lid e s  a r e  
t h e n  r e a d y  f o r  e x a m in a t io n  u n d e r  l ig h t  m ic r o s c o p y .
3.4 Histological Assessment
T h e  b io p s y  s p e c im e n s  w e r e  o r ie n t e d  o n  f i l t e r  p a p e r  a n d  im m e d ia t e ly  f ix e d  in  
f o r m a l in .  P a r a f f in  p r o c e s s e d  le s s  t h a n  5 ^ M  s e c t io n s  w e r e  c u t  a t  t h r e e  le v e ls ,  
s ta in e d  b y  h a e m a t o x y l in  a n d  e o s in  a n d  a n  a d d i t io n a l  s e c t io n  a t  t h e  s e c o n d  le v e l  
w a s  s ta in e d  w i t h  a lc ia n  b lu e ,  p H  2 .5  a n d  p e r io d ic  a c id  S c h if f  (A B /P A S )  t o  
d e m o n s t r a t e  in te s t in a l  m e t a p la s ia .
75
T h e  b io p s ie s  w e r e  a s s e s s e d  b y  t h e  s e n io r  c o n s u l t a n t  h is to p a th o lo g is t  w h o  w a s  
b lin d  t o  t h e  c lin ic a l d e t a i ls  o f  t h e  p a t ie n t s  a n d  t h e  e n d o s c o p y  f in d in g s .  
H is to lo g ic a l  f e a t u r e s  o f  b i le  r e f lu x  w e r e  c a lc u la te d  b y  u s in g  t h e  B ile  R e f lu x  In d e x  
(B R I)  d e v is e d  b y  S o b a la  e t  a l ( 1 6 4 ) .  In  th is  s y s te m  a n  in d e x  is d e r iv e d  b a s e d  o n  
t h e  p r e s e n c e  a n d / o r  s e v e r i t y  o f  c e r ta in  h is to lo g ic a l  p a r a m e t e r s :  o e d e m a  o f  t h e  
la m in a  p r o p r ia  (E ), in te s t in a l  m e t a p la s ia  ( I M ) ,  c h r o n ic  in f la m m a t io n  (C l) ,  a n d  
Helicobacter pylori c o lo n iz a t io n  in  t h e  s to m a c h  (F ig u r e  1 3 ) .
F ig u r e  1 3  S e v e r e  r e f lu x  g a s t r i t is  as  s h o w n  b y  H &  E s ta in
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F o r  e v e r y  s p e c im e n  t h e  p a t h o lo g is t  a s s ig n e d  a g r a d e  f r o m  0  t o  3  r e p r e s e n t in g  
a b s e n t ,  m i ld ,  m o d e r a t e  o r  m a r k e d  r e s p e c t iv e ly  b a s e d  o n  s e v e r i ty .  A n  in d e x  
v a lu e  w a s  t h e n  c a lc u la te d  u s in g  a  f o r m u la  d e r iv e d  f r o m  s te p w is e  lo g is t ic  
r e g r e s s io n  a n a ly s is :
B RI =  (7  x E) +  (3  x IM )  +  (4  x C l) -  ( 6  x H p )
A  B RI a b o v e  1 4  in d ic a te s  d u o d e n o - g a s t r ic  r e f lu x  ( d e f in e d  as b ile  a c id  le v e l  
> l m m o l / L / t h e  u p p e r  l im i t  o f  p h y s io lo g ic a l r e f lu x )  w i t h  7 0 %  s e n s it iv i t y  a n d  8 5 %  
s p e c if ic i ty .  F o r  a n a ly s is  a ll s p e c im e n s  w i t h  a BRI a b o v e  1 4  w e r e  id e n t i f ie d  a s  BRI 
(+ ) .  T h e  d ia g n o s is  o f  B a r r e t t 's  e p i t h e l iu m  w a s  m a d e  i f  s p e c ia l iz e d  in te s t in a l  
m e t a p la s ia ,  c h a r a c te r iz e d  b y  g o b le t  c e lls , w a s  id e n t i f ie d .
3.5 Immunohistochemistry
T h e  b io p s y  s p e c im e n s  w e r e  p la c e d  in to  c a s s e t te s ,  p a c k e d  in to  e m b e d d in g  s e ts  
a n d  p la c e d  in  t h e  T is s u e -T e k ®  5  V a c u u m  In f i l t r a t io n  P ro c e s s o r  (V IP )  o v e r n ig h t .  
T h e  V IP  a l lo w s  p r o m o t in g  p e n e t r a t io n  o f  p a r a f f in  w a x  in to  t is s u e s  b y  a p p ly in g  a 
v a c u u m  a n d  w a r m in g  u p  t h e  e m b e d d in g  s e ts  f r o m  4 0 ° C  t o  6 0  °C  in  a s t e p w is e  
fa s h io n .  T h e  d e h y d r a t io n  p ro c e s s  is p e r f o r m e d  in  t h e  V IP  b y  a d m in is t r a t io n  o f  
e t h a n o l .  T h e  s e ts  g o  th r o u g h  t w o  c h a n g e s  o f  7 0 % , 9 4 %  a n d  1 0 0 %  e t h a n o l .
A f t e r  h a v in g  d e h y d r a t e d  t h e  t is s u e s , t h e  e t h a n o l  is r e m o v e d  b y  a p p ly in g  t h r e e  
c h a n g e s  o f  x y le n e .  F in a lly ,  t h e  w a x  is a p p l ie d  in  f o u r  c y c le s  a n d  t h e  c a s s e t te s  
a r e  r e m o v e d  f r o m  V IP  a n d  t h e  t is s u e s  a r e  e m b e d d e d  in  p a r a f f in  w a x  u s in g  t h e
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T is s u e -T e k ®  T E C ®  5  T is s u e  E m b e d d in g  C o n s o le  S y s te m . In  a p ro c e s s  c a lle d  
m ic r o t o m y ,  t h e  b lo c k s  a r e  t h e n  s lic e d  in to  s e c t io n s  t h in .  T h e  s lic e s  a r e  
p la c e d  in to  a h o t  w a t e r  b a t h  s e t  a t  5 0 ° C  b e f o r e  b e in g  p la c e d  o n t o  p r e - c le a n e d  
c o a t e d  s lid e s . T h e  f u l ly  a u t o m a t e d  IH C  a n d  IS H  L e ic a  B o n d - M a x  te c h n o lo g y  w a s  
u s e d  f o r  t h e  Im m u n o h is t o c h e m is t r y  ( IH C )  s ta in in g  o f  t h e  s lid e s  t o  d e m o n s t r a t e  
e x p r e s s io n  o f  K i-6 7  (F ig u r e  1 4 )  a n d  p 5 3  (F ig u r e  1 5 ) .
F ig u re  1 4  1 5 - 2 0 %  K i-6 7  p r o l i f e r a t io n  in d e x  a t  5 c m  a b o v e  t h e  OGJ
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Figure 15 30% positive expression of p53 nuclei in the gastric antrum
T h e  B o n d  C o v e r t i le ™  is p la c e d  o n  t o p  o f  t h e  s lid e s  b e f o r e  t h e y  a r e  p la c e d  in to  
t h e  m a c h in e .  T h e  c a p i l la r y  n e t w o r k  o f  c o v e r t i le  a l lo w s  m a x im u m  p e n e t r a t io n  
in t o  t h e  s a m p le  u s in g  o n ly  1 5 0 | iL  o f  r e a g e n t .  T h e  r e a g e n ts  u s e d  w e r e  t h e  
B o n d ™  R e a d y - t o -u s e  P r im a r y  A n t ib o d y  p 5 3  (D O - 7 )  a n d  D a k o  R e a d y - t o -u s e  N -  
S e r ie s  P r im a r y  M o n o c lo n a l  M o u s e  A n t i - H u m a n  K i-6 7  A n t ig e n ,  c lo n e  M IB - 1 .  
E a c h  o f  th e s e  r e a g e n ts  is o p t im a l ly  d i lu t e d .  T h e r e f o r e ,  r e c o n s t i t u t io n ,  m ix in g ,  
d i lu t io n  o r  t i t r a t io n  is n o t  r e q u ir e d .
W h i le  i t  is p o s s ib le  t o  u s e  a n t ib o d ie s  t o  p 5 3 ,  th is  is n o t  p o s s ib le  f o r  K i-6 7  
b e c a u s e  t h e  e p i t o p e  r e c o g n iz e d  b y  a n t i - K i - 6 7  a n t ib o d y  is h ig h ly  la b i le  a n d
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p ro c e s s in g  o f  t h e  t is s u e s  le a d s  t o  t h e  r e c o m b in a t io n  o f  t h e  K i -6 7  m o le c u le .  T o  
d e t e c t  r e c o m b in a n t  f r a g m e n t s  o f  t h e  K i-6 7  m o le c u le ,  M  IB -1 , a m o r e  r o b u s t  
a g e n t  w a s  p r o d u c e d .  M IB - 1  is t h e  r e a g e n t  u s e d  in  th is  s tu d y  t o  d e t e c t  K i - 6 7 . . A ll 
r e a g e n ts  a r e  m o u s e  a n t i - h u m a n  m o n o c lo n a l  a n t ib o d ie s  in d ic a t e d  f o r  
e x a m in a t io n  v ia  l ig h t  m ic r o s c o p y  o f  f o r m a l in - f ix e d ,  p a r a f f in - e m b e d d e d  t is s u e .
O n c e  t h e  B o n d M a x  S ta in in g  R u n  is s e t  u p , t h e  m a c h in e  m o v e s  t h e  s lid e s  
t h r o u g h  a n u m b e r  o f  a u t o m a t e d  s te p s . T h e  s lid e s  a r e  d e p a r a f f in is e d  a n d  
h e a t e d  o n  a h o t  p la t e  t o  r e t r ie v e  t h e  m a s k e d  a n t ig e n s .  T h e  p r im a r y  a n t ib o d ie s  
o r  r e a g e n ts  a r e  t h e n  a p p l ie d .  A  s e c o n d a r y  a n t ib o d y  is t h e n  a p p l ie d  w h ic h  b in d s  
t o  t h e  p r im a r y  a n t ib o d y  a n d  a t e r t i a r y  r e a g e n t ,  t h e  c h r o m o g e n ,  is t h e  f in a l  s te p  
b e f o r e  c o v e r s l ip p in g .  T h e  s e c o n d a r y  a n t ib o d y  is a n  a n t i - m o u s e  Ig G  h o r s e r a d is h  
p e r o x id a s e  p o ly m e r .  I t  a m p l i f ie s  t h e  s ig n a l f r o m  t h e  c h r o m o g e n ,  a l lo w in g  
s m a l le r  a m o u n t s  o f  a n t ig e n  t o  b e  d e t e c t e d  v ia  l ig h t  m ic r o s c o p y .  C o v e r s l ip p in g  
f o r  IH C  s lid e s  w a s  p e r f o r m e d  u s in g  t h e  s a m e  a u t o m a t e d  s y s te m  as  t h e  H & E  
s lid e s .
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CHAPTER 4
STUDY - 1
The P revalence  o f Gastric 
Bile Reflux in T hree  P a tien t
C ohorts
81
ABSTRACT
B a c k g r o u n d :  D u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x  (D G O R ) h a s  b e e n  im p l ic a t e d  
as  t h e  c a u s e  o f  in c r e a s e d  o e s o p h a g e a l  p a t h o lo g y .  In  th is  s tu d y  w e  e x a m in e d  
t h e  c a u s e s  a n d  c o n s e q u e n c e s  o f  b i le  r e f lu x ,  d e f in e d  as  in ju r y  t o  t h e  g a s tr ic  
m u c o s a , c o n s e q u e n t  u p o n  D G O R .
A im s :  T h e  a im  o f  th is  s tu d y  w a s  t o  e x a m in e  t h e  in c id e n c e  a n d  c o n t r ib u t in g  
fa c t o r s  t o  d u o d e n o - g a s t r ic  b i le  r e f lu x  a n d  t h e  e f f e c t s  o f  t h e  r e f lu x a t e  o n  t h e  
g a s tr ic  a n d  o e s o p h a g e a l  m u c o s a  in  t h r e e  d e f in e d  p a t ie n t  c o h o r ts .
P a t ie n t s  a n d  M e t h o d s :  W e  p r o s p e c t iv e ly  s tu d ie d  1 5 0  c o n s e c u t iv e  p a t ie n t s  w h o  
p r e s e n t e d  t o  t h e  s u rg ic a l e n d o s c o p y  s u i te  f o r  in v e s t ig a t io n  a n d  w h o  f i t t e d  o n e  
o f  t h r e e  p a t ie n t  p r o f ile s ;  G r o u p  1 (n  =  9 8 )  w e r e  p a t ie n t s  w h o  p r e s e n t e d  f o r  
u p p e r  g a s t r o in t e s t in a l  e n d o s c o p y  f o r  in v e s t ig a t io n  o f  u p p e r  a b d o m in a l  
s y m p t o m s .  G r o u p  2  (n  =  2 0 )  w e r e  p a t ie n t s  w i t h  B a r r e t t 's  o e s o p h a g u s . G r o u p  3  
(n  =  3 2 )  w e r e  p a t ie n t s  o n  s u r v e i l la n c e  p o s t - o e s o p h a g o - g a s t r e c t o m y .  T h e s e  
g r o u p s  w e r e  c o m p a r e d  w i t h  r e s p e c t  t o  p a r a m e t e r s  in c lu d in g  a g e , g e n d e r ,  B M I,  
u s e  o f  P P I, s m o k in g ,  h is to r y  o f  c h o le c y s t e c t o m y  a n d  b i le  r e f lu x  in d e x  (B R I) .
R e s u lts :  T h e r e  w a s  n o  d i f f e r e n c e  in  a g e  o r  B M I b e t w e e n  t h e  g r o u p s  b u t  G r o u p  
2  a n d  3  h a d  s ig n if ic a n t ly  h ig h e r  n u m b e r  o f  m a le  p a t ie n t s  c o m p a r e d  t o  G r o u p  1 
( p = 0 .0 0 5 ) .  R a t io  o f  B RI (+ )  t o  B RI ( - )  b io p s y  s p e c im e n s  in  G r o u p  3  w a s  h ig h e r  
w h e n  c o m p a r e d  w i t h  G r o u p  1 ( p = 0 .0 5 ) .  2 5 %  p a t ie n t s  h a d  h is to r y  o f  
c h o le c y s t e c t o m y  a n d  o f  t h e s e  7 6 %  w e r e  B RI (+ )  as  c o m p a r e d  t o  6 6 %  B RI (+ )  in
82
n o n -c h o le c y s t e c t o m y  g r o u p .  T h e  o d d s  r a t io  w a s  1 .3 7  a n d  t h e  n u m b e r  n e e d  t o  
b e  h a r m e d  b y  c h o le c y s t e c t o m y  w a s  1 5 .2 .  P re v io u s  h is to r y  o f  c h o le c y s t e c t o m y  
w a s  n o t e d  in  3 0 %  o f  s y m p t o m a t ic  p a t ie n t s  a n d  o f  t h e s e  7 2 %  w e r e  B R I.(+ ) .  
W it h in  G r o u p  2  p a t ie n t s  9 1 %  o f  a ll P P I u s e rs  h a d  BRI (+ )  o n  b io p s ie s  w h i le  o n ly  
5 0 %  o f  p a t ie n t s  n o t  o n  PPI t h e r a p y  w e r e  B RI (+ )  ( p = 0 .0 3 5 ) .
C o n c lu s io n :  I t  is c o n c e r n in g  t h e  w a y  p o s t - c h o le c y s t e c t o m y  p a t ie n ts  a r e  
p r e d is p o s e d  t o  ia t r o g e n ic  in ju r y  in d u c e d  b y  b i le  r e f lu x .  H ig h  p r o p o r t io n  ( 3 0 % )  
o f  p a t ie n t s  r e m a in  s y m p t o m a t ic  p o s t - c h o le c y s t e c t o m y  a n d  7 2 %  o f  th e s e  
p a t ie n t s  w e r e  B RI (+)■ In c r e a s e  in  B RI p o s i t iv i ty  w a s  n o t e d  in  p a t ie n t s  o n  PPI 
t h e r a p y  w h o  w e r e  o n  s u r v e i l la n c e  o f  B a r r e t t 's  o e s o p h a g u s . T h is  s u g g e s ts  a 
p o s s ib le  r o le  o f  D G O R  in  p a t h o g e n e s is  o f  B a r r e t t 's  a n d  s y m p t o m s  o f  d y s p e p s ia .
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4.1 INTRODUCTION
G a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  (G E R D ), w i t h  its  s y m p t o m s  o f  h e a r t b u r n  a n d  
r e g u r g i t a t io n ,  is o n e  o f  t h e  m o s t  c o m m o n  c o n d it io n s  a f f e c t in g  t h e  o e s o p h a g u s .  
T h e  p r e v a le n c e  o f  G E R D  is g r e a t e s t  in  N o r t h  A m e r ic a  a n d  E u r o p e ,  w i t h  t h e  
h ig h e s t  r a te s  s e e n  in  t h e  U S A  ( 1 3 - 2 9 % ) ,  S w e d e n  (1 7 % ) ,  U K  (1 0 % ) ,  a n d  S p a in  
( 1 0 % ) ( 2 4 5 ) .  E s t im a te s  in d ic a t e  t h a t  a p p r o x im a t e ly  2 4 %  o f  t h e  p o p u la t io n  w i l l  
e x p e r ie n c e  h e a r t b u r n  d a i ly  o r  m o r e  o f t e n ,  w h i ls t  4 3 %  e x p e r ie n c e  h e a r t b u r n  
o n c e  o r  t w ic e  a w e e k ( 2 4 6 ) .  T h e  s y m p t o m o lo g y  o f  G E R D  p a t ie n ts  is c o m p le x  a n d  
e x te n d s  t o  e x t r a - o e s o p h a g e a l  m a n i f e s t a t io n s  ( 2 4 7 ) .
D u o d e n o - g a s t r o - o e s o p h a g e a l  r e f lu x ,  as  a c o m p o n e n t  o f  g a s t r o - o e s o p h a g e a l  
r e f lu x  d is e a s e ,  h a s  b e e n  im p l ic a t e d  as  t h e  c a u s e  o f  in c r e a s e d  o e s o p h a g e a l  
p a t h o lo g y ( lS ) .  R e f lu x  o f  a lk a l in e  d u o d e n a l  c o n t e n t s  th r o u g h  t h e  p y lo r u s  a n d  
in to  t h e  s to m a c h  o c c u rs  d u r in g  t h e  e a r ly  m o r n in g  a n d  p o s t p r a n d ia l  p e r io d s  a n d  
c a n  b e  o b s e r v e d  d u r in g  e n d o s c o p y ( 2 4 8 ) .  E x c e s s iv e  d u o d e n o - g a s t r ic  r e f lu x  c a n  
c a u s e  c h r o n ic  g a s t r i t is ,  g a s tr ic  u lc e rs , r e f lu x  o e s o p h a g it is  a n d  B a r r e t t 's  
o e s o p h a g u s  a n d  a n  in c r e a s e d  r is k  o f  g a s t r ic  a n d  o e s o p h a g e a l  c a n c e r ( 2 4 9 ,  2 5 0 ) .  
T h e  m o r e  d u o d e n o - g a s t r ic  r e f lu x a t e  t h a t  is p r e s e n t  in  t h e  s to m a c h  t h e  m o r e  
t h a t  r e a c h e s  t h e  o e s o p h a g u s . A  p o s it iv e  r e la t io n s h ip  b e t w e e n  d u o d e n o - g a s t r ic  
b ile  r e f lu x  a n d  o e s o p h a g it is  h a s  b e e n  i l lu s t r a t e d  in  a  n u m b e r  o f  s tu d ie s ( 2 5 1 ,  
2 5 2 ) .  B a r r e t t 's  o e s o p h a g u s  is a k n o w n  c o m p l ic a t io n  o f  r e f lu x ( 2 5 3 ) .  A  s tu d y  o n  
p a t ie n t s  t h a t  w e r e  in v e s t ig a te d  w i t h  m a n o m e t r y ,  g a s t r ic  a n d  o e s o p h a g e a l  2 4 - h
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p H  s tu d ie s  a n d  s im u l t a n e o u s  b i le  m o n i t o r in g  c o m p a r e d  h e a l t h y  c o n t r o ls  a n d  
g r o u p s  w i t h  o e s o p h a g it is  a n d  B a r r e t t 's  o e s o p h a g u s . T h is  s tu d y  r e v e a le d  a t r e n d  
in  in c r e a s in g  b i le  le v e ls  p r e s e n t  in  t h e  o e s o p h a g u s  o f  p a t ie n t s  w i t h  B a r r e t t 's  
o e s o p h a g u s  ( 2 5 4 ) ,  w i t h  a m e d ia n  o f  0 %  o e s o p h a g e a l  b i le  r e f lu x  e p is o d e  fo u n d  
in  c o n t r o l  g r o u p  c o m p a r e d  t o  3 .5 %  in  p a t ie n t s  w i t h  o e s o p h a g it is  a n d  7 .8 %  in  
p a t ie n t s  w i t h  B a r r e t t 's  o e s o p h a g u s  ( 2 5 4 ) .
S tu d ie s  e i t h e r  d ir e c t ly  m e a s u r in g  b i le  a c id  c o n t e n t  o f  o e s o p h a g e a l  a s p ir a te s  
( 1 6 0 ) ,  o r  u s in g  s p e c t r o - p h o t o m e t r ic  m o n i t o r in g  o f  b i l i r u b in  c o n c e n t r a t io n  as a 
s u r r o g a t e  m a r k e r  f o r  b i le  ( 2 5 5 ) ,  s h o w e d  t h a t  b i le  e x p o s u r e  in  t h e  o e s o p h a g u s  
in c r e a s e d  in  p r o p o r t io n  t o  t h e  s e v e r i ty  o f  o e s o p h a g it is ,  w i t h  t h e  g r e a t e s t  
e x p o s u r e  in  p a t ie n t s  w i t h  B a r r e t t 's  o e s o p h a g u s ( 2 5 6 ) .  In  a s tu d y  b y  V a e z i  e t  a l 
in c r e a s e d  o e s o p h a g e a l  b i l i r u b in  e x p o s u r e  w a s  o b s e r v e d  in  p a t ie n t s  w i t h  
d y s p la s ia  a n d  o e s o p h a g e a l  a d e n o c a r c in o m a ( 2 5 7 ) .  T h is  m a y  e x p la in  t h e  
d is tu r b in g  in c r e a s e  in  p r e v a le n c e  o f  B a r r e t t 's  o e s o p h a g u s  a n d  o e s o p h a g e a l  
a d e n o c a r c in o m a  n o t e d  in  t h e  W e s t e r n  c o u n t r ie s ( 2 5 8 ,  2 5 9 ) .
T h e  p o t e n t ia l  d e t r im e n t a l  e f f e c t s  o f  t h e  r e f lu x e d  d u o d e n a l  c o n t e n t s  o n  t h e  
o e s o p h a g e a l  m u c o s a  h a v e  b e e n  s h o w n  in  a n im a l  m o d e ls  ( 2 6 0 ) .  In  o n e  a n im a l  
m o d e l  o e s o p h a g e a l  e x p o s u r e  t o  d u o d e n a l  c o n t e n t s  w a s  a k e y  f a c t o r  in  t h e  
d e v e lo p m e n t  o f  o e s o p h a g e a l  a d e n o c a r c in o m a ( 2 6 1 ) .  A n o t h e r  a n im a l  s tu d y
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s u g g e s t  t h a t  D G O R , a t  c o n c e n t r a t io n s  o f  >  l m m o l / L ,  u s u a l ly  c a u s e s  t h e  m o s t  
o e s o p h a g e a l  d a m a g e  in  s y n e r g y  w i t h  a d d ( 2 6 2 ,  2 6 3 ) .  E a r ly  s tu d ie s  b y  C ro s s  a n d  
W a n g e n s t e e n  ( 4 7 )  s u g g e s te d  a r o le  f o r  b i le  a n d  its  c o n s t i t u e n t s  ( n a m e ly ,  b ile  
a c id s ) in  o e s o p h a g e a l  m u c o s a l d a m a g e .  U s in g  a d o g  m o d e l  w i t h  b i l ia r y  
d iv e r s io n  a n d  a  je ju n a l  c o n d u it  a n a s to m o s in g  d ir e c t ly  t o  t h e  o e s o p h a g u s ,
M o f f a t  a n d  B e r k a s (4 6 )  s h o w e d  t h a t  c a n in e  b i le  w a s  c a p a b le  o f  p r o d u c in g  
v a r io u s  d e g r e e s  o f  e r o s iv e  o e s o p h a g it is ,  t h e r e b y  c o n f i r m in g  e a r l ie r  s tu d ie s  b y  
C ro s s  a n d  W a n g e n s t e e n ( 4 7 ) .  B ile  s a lts  in  is o la te d  r a t  h e p a t o c y t e s  h a v e  b e e n  
s h o w n  t o  a c t iv a t e  p r o t e in  k in a s e  C , a c a lc iu m - a c t iv a t e d  p h o s p h o l ip id -  
d e p e n d e n t  e n z y m e  w h ic h  p la y s  a k e y  r o le  in  g r o w t h - s ig n a l l in g  p a t h w a y s  (8 ) .
In  a n  a c id ic , e v e n  w e a k ly  a c id ic , e n v i r o n m e n t s ,  e v e n  f o r  b r ie f  p e r io d s ,  b i le  a c id s
a r e  a s s o c ia te d  w i t h  t h e  d e v e lo p m e n t  o f  d i la t e d  in t e r c e l lu la r  s p a c e s , t h e  m o s t
c o m m o n  c h a n g e  in  t h e  m u c o s a  o f  p a t ie n t s  w i t h  n o n - e r o s iv e  r e f lu x  d is e a s e  ( 1 0 ) .
M o r e  r e c e n t  s tu d ie s  s h o w  t h a t  o e s o p h a g e a l  m u c o s a l d a m a g e  b y  b ile  a c id s  is
d e p e n d e n t  o n  t h e  c o n ju g a t io n  s t a t e  o f  t h e  b ile  a c id s  a n d  t h e  p H  o f  t h e
r e f lu x a t e ( 5 7 ) .  U s in g  n e t  a c id  f lu x  (N A F )  a c ro s s  t h e  o e s o p h a g e a l  lu m e n  as  a n
in d e x  o f  m u c o s a l in ju r y ,  H a r m o n  e t  a l.  ( 5 7 )  s h o w e d  t h a t  t a u r in e - c o n ju g a t e d  b i le
s a lts  ( 1 - 5  m m o l /L ) ,  t a u r o d e o x y c h o la t e  a n d  t a u r o c h o la t e  ( b o t h  w i t h  p K a  o f  1 .9 )
in c r e a s e d  N A F  a t  p H  2 ,  w h e r e a s  t h e  u n c o n ju g a t e d  f o r m s  ( l - 5 m m o l / L )  in c r e a s e d
N A F  a t  p H  7  b u t  n o t  a t  p H  2 . H e n c e ,  c o n ju g a t e d  b i le  a c id s  a r e  m o r e  in ju r io u s  to
t h e  o e s o p h a g e a l  m u c o s a  a t  a c id ic  p H , w h e r e a s  u n c o n ju g a t e d  b i le  a c id s  a r e
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m o r e  h a r m f u l  a t  p H  5 - 8 ( 5 7 ) .  T h e  e x p o s u r e  o f  b i le  a c id s  t o  t h e  e p i t h e l iu m  o f  t h e  
o e s o p h a g u s  in i t ia t e s  a s e r ie s  o f  r e a c t io n s  in c lu d in g  in c r e a s e d  c e ll  p e r m e a b i l i t y  
a n d  d i la t e d  in t e r c e l lu la r  s p a c e s , c e ll d a m a g e  a n d  r e p a i r ,  in f la m m a t io n  a n d  
a c t iv a t io n  o f  p r o - in f l a m m a t o r y  t r a n s c r ip t io n  fa c t o r s  a n d  g e n e s ( l l ) .  A ll o f  th e s e  
r e a c t io n s  p r e d is p o s e  t h e  o e s o p h a g u s  t o  d y s p la s ia  a n d  a d e n o c a r c in o m a ( 1 2 ) .
S h ir v a n i  e t  a l in  2 0 0 0  s u g g e s te d  t h a t  b i le  a c id s  s t im u la t e  C O X -2  e x p r e s s io n ( 1 3 )  
w h ic h  is a s s o c ia te d  w i t h  c h r o n ic  in f la m m a t io n  a n d  e p i t h e l ia l  c e ll g r o w t h  in  
B a r r e t t 's  o e s o p h a g u s  a n d  a d e n o c a r c in o m a ( 1 4 ) .  J e n k in s  e t  a l s h o n e  l ig h t  o n  
a n o t h e r  m o le c u la r  t a r g e t  f o r  b i le  a c id s  in  t h e  o e s o p h a g u s ( 1 5 )  w h e n  t h e y  
r e p o r t e d  t h a t  e x p o s u r e  o f  o e s o p h a g e a l  m u c o s a  t o  p h y s io lo g ic a l le v e ls  o f  b ile  
a c id s  a c t iv a te s  N F -k B , w h ic h  h a s  b e e n  im p l ic a t e d  in  c a r c in o g e n e s is  in  n u m e r o u s  
t is s u e  ty p e s  ( 1 6 , 1 7 ) .
W h i le  t h e  r o le  o f  a c id  r e f lu x  in  g a s t r o - o e s o p h a g e a l  r e f lu x  d is e a s e  h a s  b e e n  w e l l  
e s ta b l is h e d  t h e  r o le  o f  b ile  r e f lu x ,  its  in c id e n c e ,  its  c l in ic a l im p a c t  a n d  its  r o le  in  
t h e  a e t io lo g y  a n d  p a t h o g e n e s is  o f  g a s tr ic  a n d  o e s o p h a g e a l  m u c o s a l in ju r y  h a v e  
y e t  t o  b e  c le a r ly  e s ta b l is h e d .
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T h e  a im  o f  th is  s tu d y  w a s  t o  e x a m in e  t h e  fa c t o r s  c o n t r ib u t in g  t o  r e f lu x  a n d  its  
e f f e c t s  o n  t h e  g a s tr ic  a n d  o e s o p h a g e a l  m u c o s a  in  t h r e e  c o h o r t s  o f  p a t ie n t s .
4.2 Aims
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4.3 PATIENTS AND METHODS
4.3 .1  S tudy Approval
T h is  s tu d y  w a s  a p p r o v e d  b y  t h e  e th ic s  c o m m i t t e e  o f  C o n n o lly  H o s p ita l  in  D u b lin  
a n d  c o n d u c te d  in  a c c o r d a n c e  w i t h  t h e i r  g u id e l in e s .  A ll p a r t ic ip a n ts  g a v e  t h e i r  
c o n s e n t  t o  p a r t ic ip a t e  in  t h e  s tu d y .  N o  e c o n o m ic  r e im b u r s e m e n t  w a s  g iv e n  f o r  
p a r t ic ip a t io n .
4.3 .2  S tudy  G roups
W e  p r o s p e c t iv e ly  r e c r u i t e d  1 5 0  c o n s e c u t iv e  p a t ie n t s  w h o  p r e s e n t e d  t o  t h e  
s u rg ic a l e n d o s c o p y  u n i t  a n d  b e lo n g e d  t o  o n e  o f  t h r e e  id e n t i f ia b le  g ro u p s :
G r o u p  1  (n  =  9 8 )  w e r e  p a t ie n ts  w h o  p r e s e n t e d  f o r  u p p e r  g a s t r o - in t e s t in a l  
e n d o s c o p y  f o r  in v e s t ig a t io n  o f  u p p e r  a b d o m in a l  s y m p t o m s .  N o n e  o f  t h e s e  
p a t ie n t s  h a d  B a r r e t t 's  o r  a d e n o c a r c in o m a  o f  t h e  o e s o p h a g u s  o r  h a d  p r e v io u s  
g a s tr ic  o r  o e s o p h a g e a l  s u r g e r y .
G r o u p  2  (n  =  2 0 )  w e r e  p a t ie n ts  o n  s u r v e i l la n c e  f o r  B a r r e t t 's  o e s o p h a g u s , a n d  
h a d  n e v e r  u n d e r g o n e  g a s tr ic  o r  o e s o p h a g e a l  s u r g e r y .
G r o u p  3  (n  =  3 2 )  w e r e  p a t ie n ts  o n  s u r v e i l la n c e  f o l lo w in g  o e s o p h a g o -  
g a s t r e c t o m y  f o r  c a r c in o m a  o f  t h e  o e s o p h a g u s .
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4.3 .3  U pper Gl Endoscopy
U p p e r  g a s t r o in t e s t in a l  e n d o s c o p y  w a s  p e r f o r m e d  o n  a ll p a t ie n t s  b y  b o t h  t h e  
p r im a r y  r e s e a r c h e r ,  w h o  h a d  1 6  t r a in in g  s e s s io n s  w i t h  t h e  s u p e r v is o r  b e f o r e  t h e  
s tu d y ,  a n d  t h e  s u p e r v is o r  (p r o fe s s o r  o f  G l s u r g e r y )  in  C o n n o l ly  H o s p it a l .  In  
o r d e r  t o  a c h ie v e  e n d o s c o p ic  a s s e s s m e n t  r e l ia b i l i t y  t h e  t w o  e n d o s c o p is ts  h a d  a  
c o n s e n s u s  m e e t in g  a n d  r e v ie w e d  c o m m o n  m a c r o s c o p ic  f in d in g s  a n d  
s t a n d a r d iz e d  c r i t e r ia  f o r  in f la m m a t io n ,  B a r r e t t 's  o e s o p h a g u s , g a s tr ic  a n d  
d u o d e n a l  u lc e r a t io n .  M u l t i p l e  b io p s ie s , a t  le a s t  4 ,  w e r e  ta k e n  f r o m  t h e  g a s tr ic  
a n t r u m  o r  t h e  a n a s t o m o t ic  s ite .
4.3 .4  Histological A ssessm en t
T h e  b io p s y  s p e c im e n s  w e r e  o r ie n t e d  o n  f i l t e r  p a p e r  a n d  im m e d ia t e ly  f ix e d  in  
f o r m a l in .  P a r a f f in  p r o c e s s e d  less  t h a n  5\iN\ s e c t io n s  w e r e  c u t  a t  t h r e e  le v e ls ,  
s ta in e d  b y  h a e m a t o x y l in  a n d  e o s in  a n d  a n  a d d i t io n a l  s e c t io n  a t  t h e  s e c o n d  le v e l  
w a s  s ta in e d  w i t h  a lc ia n  b lu e ,  p H  2 .5  a n d  p e r io d ic  a c id  S c h if f  (A B /P A S )  t o  
d e m o n s t r a t e  in te s t in a l  m e t a p la s ia .  A  s e n io r  c o n s u l t a n t  h is to p a th o lo g is t ,  w h o  
w a s  b l in d  t o  t h e  c lin ic a l d e t a i ls  o f  t h e  p a t ie n t s  a n d  t h e  e n d o s c o p y  f in d in g s ,  
a s s e s s e d  t h e  b io p s ie s  f o r  h is to lo g ic a l  f e a t u r e s  o f  b i le  r e f lu x  in  t h e  g a s tr ic  a n t r u m  
o r  a n a s t o m o t ic  s ite ,  w h ic h  w e r e  c a lc u la te d  b y  u s in g  t h e  B RI d e v is e d  b y  S o b a la  e t  
a l ( 1 6 4 ) .  T h is  h a s  b e e n  e x p la in e d  in  d e t a i l  in  c h a p t e r  3 . A  B RI a b o v e  1 4  in d ic a t e s  
d u o d e n o - g a s t r ic  r e f lu x  ( d e f in e d  as  b i le  a c id  le v e l  > l m m o l / L ,  t h e  u p p e r  l im i t  o f
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p h y s io lo g ic a l  r e f lu x ) .  P a t ie n ts  d e e m e d  B RI (+ )  w e r e  b i le  r e f lu x e r s  a n d  B RI ( - )  
w e r e  n o n - b i le  r e f lu x e r s .
4.3 .5  S tudy  Protocol
T h e  g r o u p s  w e r e  c o m p a r e d  w i t h  r e s p e c t  t o  t h e  f o l lo w in g  p a r a m e t e r s :  a g e ,  
g e n d e r ,  B M I ,  h is to r y  o f  s m o k in g ,  u s e  o f  p r o t o n  p u m p  in h ib i to r s  a n d  p r e v io u s  
h is to r y  o f  c h o le c y s t e c to m y .
4.3 .6  S tatistical Analysis
P -v a lu e s  w e r e  a ll t w o  t a i le d  a n d  t h e  a lp h a  le v e l  o f  s ig n if ic a n c e  w a s  s e t  a t  0 .0 5 .  
T h e  p r e v a le n c e  is s h o w n  as  p e r c e n t a g e .  M u l t i p l e  c o m p a r is o n s  b e t w e e n  a n d  
w it h in  g r o u p s  w e r e  p e r f o r m e d  u s in g  A N O V A  w i t h  p o s t -h o c  c o r r e la t io n s  
c a lc u la te d  w i t h  D u n n e t t 's  T 3  t e s t .  D a ta  w a s  a n a ly z e d  u s in g  SPSS v e r s io n  1 8 .
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4.4 RESULTS
4.4.1  Bile Reflux Index
A c ro s s  a ll p a t ie n t  g r o u p s , 6 9 %  ( 1 0 3 / 1 5 0 )  o f  p a t ie n t s  h a d  b io p s ie s  w h ic h  w e r e  
BRI (+ )  o n  h is to p a th o lo g ic a l  a n a ly s is . T h e  b i le  r e f lu x  in d e x  a t  t h e  g a s tr ic  a n t r u m  
w a s  p o s it iv e  in  6 3 %  ( 6 2 )  p a t ie n t s  u n d e r  e n d o s c o p y  f o r  u p p e r  G l (G r o u p  1 ) ,  a 2 :1  
r a t io ,  in  7 5 %  ( 1 5 )  o f  p a t ie n t s  u n d e r g o in g  B a r r e t t 's  s u r v e i l la n c e  (G r o u p  2 ) ,  a 3 :1  
r a t io ,  a n d  in  8 1 %  ( 2 6 )  o f  p a t ie n t s  u n d e r g o in g  e n d o s c o p y  f o l lo w in g  o e s o p h a g o -  
g a s t r e c t o m y  f o r  o e s o p h a g e a l  m a l ig n a n c y  (G r o u p  3 ) ,  a 4 : 1  r a t io .  T h e  r a t io  o f  BRI 
p o s it iv e :  B RI n e g a t iv e  b io p s y  s p e c im e n s  in  G r o u p  3  w a s  s ta t is t ic a l ly - s ig n i f ic a n t ly  
h ig h e r  w h e n  c o m p a r e d  w i t h  G r o u p  1  ( p = 0 .0 5 )  b u t  n o t  w h e n  c o m p a r e d  w i t h  
g r o u p  2  ( p = 0 .4 4 1 )  (F ig u r e  1 6 ) .
F ig u re  1 6  In c id e n c e  o f  B ile  R e f lu x  In d e x  in  t h r e e  g r o u p s .  G r o u p l :  P a t ie n ts  w i t h  
u p p e r  a b d o m in a l  s y m p t o m s .  G r o u p  2 : P a t ie n ts  o n  B a r r e t t 's  s u r v e i l la n c e .  G r o u p  
3 : P a t ie n ts  o n  s u r v e i l la n c e  p o s t  o e s o p h a g o - g a s t r e c t o m y .
B i l e  R e f l u x  I n d e x
6 0  4 0
N u m b e r  o f  p a t i e n t s
92
T h ir t y - s e v e n  o f  1 5 0  p a t ie n t s  s tu d ie d  ( 2 4 .6 % )  w e r e  f o u n d  t o  h a v e  h a d  p r e v io u s ly  
u n d e r g o n e  c h o le c y s t e c to m y .  O f  th e s e  3 7  p a t ie n ts ,  7 6 %  ( 2 8 )  w e r e  f o u n d  t o  b e  
BRI (+ )  o n  e n d o s c o p ic  b io p s y  w h i le  in  t h e  7 5 .4 %  ( 1 1 3 )  o f  p a t ie n t s  w h o  h a d  n o t  
p r e v io u s ly  u n d e r g o n e  c h o le c y s t e c to m y ,  6 6 %  ( 7 5 )  w e r e  BRI p o s i t iv e  ( p = 0 .2 9 0 )  
(F ig u r e  1 7 ) .  T h is  g a v e  a n  o d d s  r a t io  o f  1 .3 7  f o r  p a t ie n t s  w i t h  a h is to r y  o f  
c h o le c y s t e c t o m y  t o  e x p r e s s  B R I-p o s it iv i ty  o n  b io p s y , c o m p a r e d  w i t h  p a t ie n t s  
w h o  h a d  n e v e r  u n d e r g o n e  c h o le c y s t e c to m y .  T h e  n u m b e r  o f  p a t ie n t s  'n e e d e d  t o  
b e  t r e a t e d '  w i t h  c h o le c y s t e c t o m y  in  o r d e r  t o  p r o v o k e  b i le - m e d ia t e d  c e l lu la r  
c h a n g e  ( d e m o n s t r a t e d  as  B R I-p o s i t iv i ty ) ,  w a s  th u s  c a lc u la te d  a s  1 5 .2 .
4.4.2 BRI Positivity and Cholecystectomy
Bile Reflux Index 
Yes No
Number of patients
F ig u re  1 7  O v e r a l l  h is to r y  o f  c h o le c y s t e c t o m y  a n d  in c id e n c e  o f  B ile  R e f lu x  In d e x .
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N o t a b ly ,  o n ly  9 %  (3 )  o f  p a t ie n t s  in  G r o u p  3  h a d  a  h is to r y  o f  c h o le c y s t e c t o m y  
a n d  o f  t h e s e  6 7 %  (2 )  w e r e  b i le  r e f lu x e r s  ( p = 0 .4 9 7 ) .  In  s ta r k  c o n t r a s t ,  in  t h e  
s y m p t o m a t ic  p a t ie n t s  (G r o u p  1 ) , 3 0 %  ( 2 9 )  o f  p a t ie n t s  h a d  a p r e v io u s  h is to r y  o f  
c h o le c y s t e c t o m y  a n d  o f  t h e s e  7 2 %  ( 2 1 )  w e r e  b i le  r e f lu x e r s ,  w h i le  o f  t h e  7 0 %  
w h o  d id  n o t  h a v e  c h o le c y s t e c to m y ,  ju s t  5 9 %  w e r e  b i le  r e f lu x e r s  ( p = 0 .2 5 8 ) .  
S im ila r ly ,  in  G r o u p  2 , 2 5 %  (5 )  o f  B a r r e t t 's  p a t ie n t s  w e r e  p o s t -c h o le c y s t e c t o m y  
a n d  o f  th e s e  1 0 0 %  (5 )  w e r e  b i le  r e f lu x e r s ,  w h i le  o f  t h e  7 5 %  w h o  h a d  n o t  
u n d e r g o n e  c h o le c y s t e c to m y ,  6 6 %  h a d  b i le  r e f lu x ,  a n o t e w o r t h y  t r e n d  d e s p i t e  
n o t  a c h ie v in g  s ta t is t ic a l  s ig n if ic a n c e  ( p = 0 .3 1 6 ) ( F ig u r e  1 8 ) .
Bile Reflux Index
Yes No
h - f f l
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F ig u re  1 8  In c id e n c e  o f  b ile  r e f lu x  in d e x  in  p a t ie n t s  w i t h  h is to r y  o f  
c h o le c y s t e c t o m y  in  t h e  t h r e e  g r o u p s . G r o u p l :  P a t ie n ts  w i t h  u p p e r  a b d o m in a l  
s y m p t o m s .  G r o u p  2 : P a t ie n ts  o n  B a r r e t t 's  s u r v e i l la n c e .  G r o u p  3 : P a t ie n ts  o n  
s u r v e i l la n c e  p o s t  o e s o p h a g o - g a s t r e c t o m y .
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T h e  m e a n  a g e  o f  p a t ie n t s  in  G r o u p  1 w a s  5 6 ,  G r o u p  2  w a s  6 4  a n d  G r o u p  3  w a s  
6 0  y e a r s ;  t h e  m e a n  p a t ie n t  a g e  in  G r o u p  1 d id  n o t  d i f f e r  s ig n i f ic a n t ly  f r o m  t h a t  
o f  G r o u p  3  ( p = 0 .5 8 9 ) ,  n o r  d id  G r o u p s  2  a n d  3  d i f f e r  ( p = 0 .6 2 8 ) .  T h e  m e a n  a g e  o f  
p a t ie n t s  w i t h  B R I+  b io p s ie s  w a s  5 8  y e a r s , c o m p a r e d  w i t h  a m e a n  o f  5 7  y e a r s  in  
B R I- p a t ie n t s  ( p = 0 .6 0 7 )  (F ig u r e  1 9 ) .  T h e  m e a n  a g e  o f  p a t ie n t s  w i t h  a p a s t  
s u rg ic a l h is to r y  o f  c h o le c y s t e c t o m y  w a s  5 7  y e a r s  d id  n o t  d i f f e r  f r o m  t h e  m e a n  
a g e  o f  6 0  y e a r s  in  t h o s e  w h o  h a d  n e v e r  u n d e r g o n e  c h o le c y s t e c to m y  ( p = 0 .7 6 3 ) .
4.4.3 Age
Bile Reflux Index 
Yes No
G r o u p }  G ro u p  2 G ro u p  1 C r o u p i  G ro u p  2 G r o u p s
Indication fo r Endoscopy
F ig u re  1 9  A g e  D is t r ib u t io n  in  t h r e e  g r o u p s  a n d  in c id e n c e  o f  B ile  R e f lu x  In d e x .  
G r o u p l :  P a t ie n ts  w i t h  u p p e r  a b d o m in a l  s y m p t o m s .  G r o u p  2 : P a t ie n ts  o n  
B a r r e t t 's  s u r v e i l la n c e .  G r o u p  3 : P a t ie n ts  o n  s u r v e i l la n c e  p o s t  o e s o p h a g o -  
g a s t r e c t o m y .
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A n  a lm o s t - e q u a l  g e n d e r  r a t io  e x is te d  a c ro s s  t h e  e n t i r e  s tu d y  c o h o r t ,  m im ic k in g  
t h e  g e n e r a l  p o p u la t io n ,  w i t h  7 3 / 1 5 0  m a le  p a t ie n t s  ( 4 8 .7 % )  a n d  7 7 / 1 5 0  f e m a le  
p a t ie n t s  ( 5 1 .3 % ) .  H o w e v e r ,  w i t h in  g r o u p s , t h e  m a le i f e m a le  r a t io  v a r ie d  g r e a t ly .  
T h e r e  w e r e  5 5 %  ( 1 1 )  m a le s  in  G r o u p  2 , 7 8 %  ( 2 5 )  in  G r o u p  3  a n d  3 9 %  ( 3 7 )  in  
G r o u p  1 . G r o u p s  2  a n d  3  h a d  s ig n if ic a n t ly  m o r e  m a le  p a t ie n t s  as  c o m p a r e d  t o  
G r o u p  1 ( p = 0 .0 0 5 ) ( F ig u r e  2 0 ) .
Bile Reflux Index 
Yes No
4.4.4 Gender
50-
40-
Group 3 Group 2 Group 1 Group 1 Group 2 Group 3
Ind ication fo r  Endoscopy
F ig u re  2 0  G e n d e r  D is t r ib u t io n  in  t h r e e  g r o u p s  a n d  in c id e n c e  o f  B ile  R e f lu x  
In d e x .  G r o u p l :  P a t ie n ts  w i t h  u p p e r  a b d o m in a l  s y m p t o m s .  G r o u p  2 : P a t ie n ts  o n  
B a r r e t t 's  s u r v e i l la n c e .  G r o u p  3 : P a t ie n ts  o n  s u r v e i l la n c e  p o s t  o e s o p h a g o -  
g a s t r e c t o m y .
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D e s p ite  a n e a r - e q u a l  g e n d e r  r a t io ,  2 7  o f  t h e  3 7  p a t ie n t s  (7 3 % )  in  o u r  s tu d y  w h o  
h a d  p r e v io u s ly  u n d e r g o n e  c h o le c y s t e c t o m y  w e r e  f e m a le ,  r e p r e s e n t in g  3 5 %  o f  
a ll f e m a le  p a t ie n t s  ( 2 7 / 7 7 ) ,  c o m p a r e d  w i t h  o n ly  1 0 / 7 3  m a le s  ( 1 3 .7 % )  ( p = 0 .0 0 2 ) .
F u r t h e r m o r e ,  o f  t h e  1 0 3 / 1 5 0  (6 8 % )  p a t ie n ts  w i t h  B R I-p o s it iv e  b io p s ie s , 2 8 / 1 0 3  
(2 7 % )  o f  th e s e  p a t ie n t s  h a d  p r e v io u s ly  u n d e r g o n e  c h o le c y s t e c t o m y  ( a c c o u n t in g  
f o r  7 5 %  o f  a ll r e p o r t e d  c h o le c y s t e c to m ie s ) ,  a n d  o f  th o s e ,  2 1 / 2 8  (7 5 % )  w e r e  
f e m a le  ( p = 0 .0 0 2 ) .  In  c o n t r a s t ,  a m o n g  t h e  4 7 / 1 5 0  (3 2 % )  p a t ie n t s  w i t h  B R I-  
n e g a t iv e  b io p s ie s , o n ly  9 / 4 7  (1 9 % )  o f  th e s e  p a t ie n t s  h a d  p r e v io u s ly  u n d e r g o n e  
c h o le c y s t e c t o m y  (a c c o u n t in g  f o r  t h e  r e m a in in g  2 5 %  o f  r e p o r t e d  
c h o le c y s t e c to m ie s ) ,  a n d  o f  th o s e ,  6 / 9  (6 6 % )  w e r e  f e m a le .
4.4.5 Gender, Bile Reflux Index and Cholecystectomy
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T h e r e  w a s  n o  d i f f e r e n c e  in  B M I b e t w e e n  g r o u p s  ( p = 0 .3 5 9 ) .  G r o u p  1 h a d  8 5 %  
( 8 3 ) ,  G r o u p  2  h a d  9 5 %  ( 1 9 )  a n d  G r o u p  3  h a d  9 1 %  ( 2 9 )  p a t ie n t s  w i t h  a B M I <  3 0  
(F ig u r e  2 1 ) .  E ig h t  o f  t h e  3 7  p a t ie n t s  (2 1 % )  w h o  h a d  p r e v io u s ly  u n d e r g o n e  
c h o le c y s t e c t o m y  w e r e  f o u n d  t o  b e  o b e s e ,  w i t h  a  B M I g r e a t e r  t h a n  3 0 ,  
c o m p a r e d  w i t h  o n ly  9 .7 %  ( 1 1 / 1 0 3 )  o f  t h o s e  w h o  h a d  n e v e r  u n d e r g o n e  
c h o le c y s t e c t o m y  ( p = 0 .0 5 9 ) .
4.4.6 BMI
Bile Reflux Index 
Yes No
Group 3 Group 2 Group 1 Group 1 Group 2 Group 3
Group 3 Group 2 Group 1 Group 1 Group 2 Group 3
Indication for Endoscopy
F ig u r e  2 1  B o d y  M a s s  In d e x  ( B M I )  in  t h r e e  g r o u p s  a n d  in c id e n c e  o f  B ile  R e f lu x  
In d e x .  G r o u p l :  P a t ie n ts  w i t h  u p p e r  a b d o m in a l  s y m p t o m s .  G r o u p  2 : P a t ie n ts  o n  
B a r r e t t 's  s u r v e i l la n c e .  G r o u p  3 : P a t ie n ts  o n  s u r v e i l la n c e  p o s t - o e s o p h a g o -  
g a s t r e c t o m y .
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O n e  h u n d r e d  a n d  f o u r  o f  t h e  1 5 0  s tu d y  p a t ie n t s  (6 9 % )  w e r e  t a k in g  a p r o t o n -  
p u m p  in h ib i t o r  a t  t h e  t im e  o f  s tu d y  e n r o lm e n t .  In  G r o u p  1 , 7 0 %  ( 6 9 )  p a t ie n t s  
w e r e  o n  P P I, 6 0 %  ( 1 2 )  in  G r o u p  2 , a n d  7 2 %  ( 2 3 )  in  G r o u p  3 , w i t h  n o  s ta t is t ic a l ly -  
s ig n if ic a n t  d i f f e r e n c e  in  t h e  u s e  o f  P P I o b s e r v e d  b e t w e e n  t h e  g r o u p s  ( p = 0 .6 5 0 ) .  
W it h in  G r o u p  2  ( p a t ie n t s  u n d e r g o in g  B a r r e t t 's  s u r v e i l la n c e ) ,  9 1 %  ( 1 1 / 1 2 )  o f  a ll 
p a t ie n t s  o n  P P I t h e r a p y  h a d  B R l-p o s it iv e  b io p s ie s , w h i le  o n ly  5 0 %  ( 4 / 8 )  o f  
p a t ie n t s  n o t  o n  P P I t h e r a p y  h a d  B R l-p o s it iv e  b io p s ie s . T h is  c o r r e la t io n  b e t w e e n  
c h r o n ic  b i le - m e d ia t e d  c e l lu la r  c h a n g e ,  as  d e m o n s t r a t e d  b y  B R I-p o s it iv i ty ,  a n d  
t h e  r e q u i r e m e n t  t o  t a k e  a P P I w a s  f o u n d  t o  b e  s ta t is t ic a l ly  s ig n if ic a n t  ( p = 0 .0 3 5 ) .
W h i le  n o t  a c h ie v in g  s ta t is t ic a l  s ig n if ic a n c e ,  a s im i la r  t r e n d  w a s  n o t e d  a m o n g s t  
p a t ie n t s  u n d e r g o in g  s u r v e i l la n c e  f o l lo w in g  o e s o p h a g o g a s t r e c t o m y  f o r  
o e s o p h a g e a l  m a l ig n a n c y  (G r o u p  3 ) .  In  t h e s e  p a t ie n t s ,  8 7 %  ( 2 0 / 2 3 )  o f  th o s e  
t a k in g  a P P I h a d  b io p s y - d e m o n s t r a t e d  B R I-p o s it iv i ty ,  c o m p a r e d  w i t h  B R I-  
p o s i t iv i t y  in  o n ly  6 6 %  ( 6 / 9 )  o f  p a t ie n t s  n o t  o n  P P I t h e r a p y  ( p = 0 .1 8 6 )  (F ig u r e  2 2 ) .
4.4.7 PPI Usage
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Bile Reflux Index
F ig u re  2 2  U s e  o f  P r o t o n - P u m p  In h ib i to r s  (P P I)  in  t h r e e  g r o u p s  a n d  in c id e n c e  o f  
B ile  R e f lu x  In d e x .  G r o u p l :  P a t ie n ts  w i t h  u p p e r  a b d o m in a l  s y m p t o m s .  G r o u p  2 :  
P a t ie n ts  o n  B a r r e t t 's  s u r v e i l la n c e .  G r o u p  3 : P a t ie n ts  o n  s u r v e i l la n c e  p o s t -  
o e s o p h a g o - g a s t r e c t o m y .
100
Indication 
for E
ndoscopy
In Group 1, 44% (43) patients had a history o f smoking compared w ith  55% (11) 
in Group 2 and 34% (11) in Group 3. Smoking rates were not statistically 
significantly d iffe rent between the groups (p=0.143) (Figure 23).
4.4.8 Smoking
Bile reflux Index 
Yes No
n-------- 1-------- 1-------- 1--------1--------- 1--------1---------1--------1-------- 1---------r
50 40 30 20 10 0 10 20 30 40 50
Number of patients
F ig u r e  2 3  History o f smoking in three groups and incidence o f Bile Reflux Index. 
G roup l: Patients w ith  upper abdominal symptoms. Group 2: Patients on 
Barrett's surveillance. Group 3: Patients on surveillance post oesophago- 
gastrectomy.
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4 .5  D IS C U S S IO N
In this study we based our defin ition o f duodeno-gastric reflux on the bile reflux 
index BRI (164) as a histological marker fo r injury inflicted by bile on the mucosa 
rather than a ttem pting  to  measure the refluxed bile using techniques such as 
aspiration(264) or 24-hr Bilitec® m onitoring(265). We fe lt tha t fo r this study a 
m etric o f the direct impact o f bile on the mucosa was preferable to  the mere 
m easurement o f bilirubin, on which the Bilitec is based. We have previously 
published on the deficiencies noted in the use o f the  Bilitec® (266, 267) which is 
currently the most com m only used m ethods fo r m onitoring bilirubin levels. The 
Bilitec® is useful in determ ining the percentage tim e tha t bilirubin is refluxing 
into an em pty stomach during the m onitoring period. It has its lim itations, 
however, as it's in-vivo  sensitivity is not as good as its in-v itro  sensitivity(268), it 
is not reliable fo r m onitoring the am ount and concentration o f bile in the 
stomach(269) and it is convincingly argued tha t as bilirubin is not the toxic 
agent its assessment may be a poor surrogate o f the impact o f bile reflux on the 
gastric and oesophageal mucosa (270). Bilirubin absorbance is also affected by 
diet(271). Foods w ith  an absorbance between 400-450 nm can result in false 
positive results (e.g. coffee, coke, carrot, tom ato  etc)(271). In clinical practice 
w hat is needed is e ither an accurate m easurement o f the  duration o f exposure 
to  the toxic agent or agents in the duodeno-gastric refluxate or in form ation on 
the  pathological changes produced in the  mucosa and the m olecular marker 
disturbances. Since we are unclear as to  the exact nature o f the  toxic agent(s),
and since some are thought to  be volatile and unstable, neither the Bilitec® nor 
aspiration studies have been shown to  be superior to  the histologically derived 
bile reflux index which has an acceptable 70% sensitivity and 85% specificity 
(164). Considering all the lim itations to  in vivo and in vitro  m onitoring o f bile, 
we preferred the BRI as a histological marker fo r in jury inflicted by bile on the 
gastric mucosa.
Across all 150 consecutive patients 69% had positive bile reflux index on the 
histopathological analysis o f biopsies at the gastric antrum . Increase in bile 
reflux was noted in patients on surveillance fo r Barrett's oesophagus when 
compared to the patients who presented fo r investigations o f upper abdominal 
symptoms. A statistically significant surge occurred in bile reflux index in 
patients who were post oesophago-gastrectomy when compared w ith  controls 
(p=0.05), consequent upon the mechanical alterations to  upper gastro-intestinal 
anatomy which facilitates DGOR.
Both duodeno-gastric reflux(272) and gastro-oesophageal reflux are well 
described in patients who undergo oesophago-gastrectomy fo llow ed by gastric 
tube reconstruction (273). This is a ttribu tab le  to  the a lteration in the dynamics 
o f bile flow  as a result o f vagotom y (274) and the  anatomical d istortion
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subsequent to  partial gastrectomy(275). The disturbance o f the function 
consequent upon vagotom y probably impairs the ability o f the antro-pyloric 
mechanism to  prevent duodeno-gastric reflux(96). There is a considerable body 
o f literature about the consequences o f surgical destruction o f the  pylorus after 
distal gastrectomy(276) or pyloroplasty(277) which probably result in increased 
duodeno-gastro-oesophageal reflux due to  mechanical disruption o f the 
pylorus(278). But as none o f the post-oesophagectomy patients in our study 
had a pyloroplasty the cause o f the bile reflux may reflect the effect o f 
vagotom y on the function o f the antro-pyloric unit and on gallbladder 
contractile function. We have previously shown the patients w ith  oesophageal 
carcinoma have im paired gallbladder function and this may have had an 
aetiological role in the developm ent o f carcinoma in this cohort(4).
The developm ent o f gastric rem nant carcinoma as a result o f bile reflux after 
gastric resection has also been well documented (273). Yumiba et al studied 30 
patients th a t had undergone to ta l gastrectomy w ith  24hr oesophageal pH and 
Bilitec* m onitoring and found tha t even in the absence o f gastric acid, 
individuals whose oesophagus was exposed to  bile were more likely to  suffer 
from  reflux oesophagitis(279). Marshall et al dem onstrated tha t duodeno- 
gastro-oesophageal reflux was associated w ith  erosive oesophagitis a fte r partial 
or to ta l gastrectomy(280). Several recent studies have shown tha t severe reflux
oesophagitis or Barrett's oesophagus can occur a fte r to ta l gastrectomy(281).
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Roux-en-Y anastomosis diverts the bile and therefore duodeno-gastro- 
oesophageal reflux a fte r distal gastrectomy is noted to  be less frequent in these 
patients than in patients w ith  Billroth l(gastro-duodenostom y) or Billroth 2 
(gastro-jejunostomy) reconstruction(282).
Augm entation o f bile reflux was noted in patients who had previous history o f
cholecystectomy (76% BRI+) when compared w ith  the patients who had no
history o f cholecystectomy (66% BRI+). Conspicuously 30% o f patients who
presented fo r investigations o f upper abdominal symptoms had a previous
history o f cholecystectomy. Strikingly 72% o f these patients had BRI positiv ity in
antral biopsies. This was a notew orthy discovery which revealed tha t a high
proportion o f still-sym ptom atic patients were post-cholecystectomy and they
had increased bile reflux index. This, however, suggests tha t the symptoms of
these patients were not biliary in origin, or tha t th e ir biliary problem  was
unsuccessfully addressed o r tha t new symptoms emerged as a consequence o f
cholecystectomy. A fu rth e r explanation is tha t this cohort o f patients
developed new symptoms as a result o f cholecystectomy induced bile reflux.
The "post-cholecystectom y syndrome" was a term  coined to  describe these
symptoms(283) and it is best defined as gastrointestinal symptoms tha t develop
subsequent to  or persist despite cholecystectomy. Post-operative symptoms
include abdominal pain, nausea, distension, bloating, belching and
heartburn(92). The mechanism o f this possible association is unclear, but may
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be related to  a variety o f processes involving im paired gastric m otility(284, 285), 
lower oesophageal sphincter relaxations(286), increased frequency o f pyloric 
relaxations(94) w ith  subsequent pyloric incompetence (287-289) o r loss o f 
reservoir function o f the gallbladder in patients resulting in duodeno-gastric 
reflux fo llow ing cholecystectomy(290). There is much experim ental and clinical 
evidence tha t gallbladder disease and cholecystectomy can increase duodeno- 
gastric reflux(290, 291). Previous studies have suggested tha t gastro- 
oesophageal reflux worsens a fte r cholecystectomy (80, 90, 292-295). Bhat et al 
(ref) used Tc-99m m ebrofenin hepatobiliary scanning to  measure duodeno- 
gastric reflux prior to  cholecystectomy and post-cholecystectomy. There was 
significantly increased duodeno-gastric reflux in patients a fte r cholecystectomy 
increasing from  23.3 percent preoperatively to  46.6 percent 
postoperatively(296).
Cholecystectomy is the most com m only perform ed surgical procedure. 
Approxim ately 500,000 people in USA undergo cholecystectomy every 
year(297). We know tha t cholecystectomy increases DGOR. Our results 
revealed an odds ratio  o f 1.37, which means 37% patients w ith  a previous 
history o f cholecystectomy, w ill express BRl positiv ity on biopsy compared w ith  
patients who had never undergone cholecystectomy. This translates into the 
num ber o f patients 'needed to  be trea ted ' w ith  cholecystectomy in order to
provoke bile-m ediated cellular damage dem onstrated as BRl positive as 15.2.
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Extrapolating tha t to  the 500,000 cholecystectomies perform ed in USA, we can 
estimate tha t o f these, approxim ately 33,000 patients may have iatrogenic bile 
induced mucosal injury to  the gastric and oesophageal mucosa bringing them  to  
risk o f Barrett's oesophagus and oesophageal adenocarcinoma.
The mean age did not d iffe r in patients w ith  upper abdominal symptoms, 
patients on Barrett's surveillance and patients post-oesophago-gastrectomy. 
There was no difference in age w ith  respect to  bile reflux. The mean age o f the 
post-cholecystectomy patients was 57 years which was similar to  those who had 
no previous history o f cholecystectomy. The mean age o f patients w ith 
Barrett's oesophagus was 64 years compared w ith  60 years in the post 
oesophago-gastrectomy group. This is consistent w ith  previous literature and 
Cameron et al have suggested tha t prevalence o f Barrett's begins only a fte r the 
age o f 50 years(298).
An almost-equal gender ratio existed across the  entire study cohort, m imicking 
the general population. However, w ith in  groups there  was great variance noted 
w ith  respect to  patient gender. There were statistically-significantly more 
males noted amongst patients w ith  Barrett's oesophagus and patients post 
oesophago-gastrectomy. The gender effect in these tw o  groups may be due to  
differences in parietal cell mass between males and females(299) or may also
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be due to  the action o f testosterone (300). As expected when looked at the 
patients who had a previous history o f cholecystectomy, 73% were females.
The link o f female gender and gallstone disease has been extensively reported 
in lite ra ture  and recently revalidated as well(301).
There was no difference in BMI w ith in  the groups but, as predicted, patients 
post-cholecystectomy had a significantly greater BMI as compared to  those who 
had never undergone cholecystectomy (p=0.059). We already know tha t 
increase in BMI is a risk factor fo r the developm ent o f gallstone disease(301).
Proton pump inhibitors are prescribed, in general, to  sym ptom atic patients. In 
our study we found th a t 70% o f patients who presented fo r investigations o f 
upper abdominal symptoms were on PPI therapy and 61% o f these were BRl 
positive compared w ith  30% who were not on PPIs and only 30% o f these were 
BRl positive. We noticed tha t a significant num ber o f patients had persistent 
upper abdominal symptoms despite being on PPI therapy when they presented 
fo r investigations o f the ir symptoms. A study carried out in our lab by Nasr et al 
found tha t gastric acid suppression, in the presence o f duodenal refluxate, was 
associated w ith  increased rates o f chronic inflam m atory changes, intestinal 
metaplasia and m olecular proliferative activity in a rodent model(302).
A nother study showed th a t there is a fu rthe r potentia l danger w ith  this
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approach in patients w ith bile reflux, as continuous medication w ith  proton 
pump inhib itors may lead to  deconjugation o f bile acids at a neutral pH which 
may become more harm ful (303). This may suggest tha t while PPI's can 
suppress the acidic elem ent contributing to  the ir symptoms, bile and its toxic 
effects persist. This became even clearer when we looked at our groups 
individually. Patients in group 2 who were on surveillance fo r Barrett's 
oesophagus had increased BRI and increased incidence o f PPI use was noted in 
these patients as well. The presence o f increased DGOR in Barrett's patients 
taking a PPI suggests a possible role fo r DGOR both in the pathogenesis o f 
Barrett's and in the symptoms o f dyspepsia. It is clear tha t bile plays an 
im portant role in the  pathogenesis o f gastric and oesophageal pathology.
It is concerning the way post-cholecystectomy patients are predisposed to  this 
iatrogenic in jury induced by bile reflux. Provoked by this we designed out next 
study on the effects o f cholecystectomy on gastric and oesophageal mucosa at 
m olecular and histological level.
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C H A P T E R  5
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o n  t h e  G a s t r i c  A n d  
O e s o p h a g e a l  
M i c r o e n v i r o n m e n t
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A B S T R A C T
Background: Cholecystectomy, the defin itive trea tm ent fo r gallstone disease, 
removes the  bile reservoir and may critically a lter the dynamics o f bile storage 
and release.
Aims: To examine the effects o f cholecystectomy on the internal m icro­
environm ent o f the upper gastrointestinal tract at a histological and molecular 
level.
Patients and Methods: Group l(n=26) were gallstone-free controls. Group 
2(n=25) were pre-cholecystectomy patients and Group 3(n=29) were patients 
who had undergone cholecystectomy over 1 year previously. All patients 
underwent oesophago-gastro-duodenal (OGD) endoscopy and had biopsies o f 
the gastric antrum , oesophago-gastric junction (OGJ) and 5cm above the OGJ. 
The bile reflux index (BRI) was calculated and im m unohistochem istry perform ed 
fo r p53 and Ki-67.
Results: The positive BRI rate at the gastric antrum  was 11% in Group 1, 20% in 
Group 2 and 69% in Group 3 (Group 1 v Group 3, p=0.001); at the OGJ it was 
19% in Group 1,12%  in Group 2 (p=0.708) and .41% in Group 3 (Group 3 vs 
Group l,p=0.032). A t 5cm above OGJ there was no difference between 
groups(p=0.258). Expression o f p53 was higher at all sites in Groups 2 and 3 
compared to  G ro u p l (p=0.001); Ki-67 was greater in Group 3 than Group 1 at all 
three sites (p=0.001).
I l l
Conclusions: Increase in BRI in post-cholecystectomy patients reflects 
inflam m atory change induced by bile reflux. Increased expression o f Ki-67 and 
p53 in post-cholecystectomy patients raises concerns about developm ent o f 
prem alignant changes in these patients and suggests th a t options o ther than 
cholecystectomy should be considered in patients w ith  gallstones in functioning 
gallbladder.
1 1 2
5 .1  IN T R O D U C T IO N
Cholecystectomy has remained the defin itive trea tm en t fo r gallstone disease 
fo r over 100 years. Since the introduction o f the laparoscopic approach, 
surgeons and patients have lowered the threshold fo r proceeding to  
cholecystectomy(304) so tha t approxim ately 500,000 cholecystectomies are 
perform ed each year in the USA and up to  50,000 in the UK(305). In Ireland the 
overall cholecystectomy rate has continued to  rise w ith  laparoscopic 
cholecystectomy rates rising by 45% according to  a study perform ed in 60 Irish . 
public hospitals over a period o f seven years(304).
But cholecystectomy is not innocuous. As it removes the bile reservoir it may 
cause a dram atic a lteration in the internal milieu by compromise o f bile storage 
and release during the  inter-digestive period (90). Bile is norm ally stored in the 
gallbladder during the  interdigestive period, to  be expelled in response to  meal 
stim ulated CCK secretion from  the "I" cells in the  proximal duodenum. CCK 
release is in tu rn  switched o ff by the negative feedback effect o f the bile bolus 
in the duodenum(4). Thus, bile is mixed w ith  food in the duodenum and little  is 
free to  enter the stomach or available fo r contact w ith  the oesophageal mucosa 
(306, 307).
This orderly sequence o f bile storage and release is dram atically disturbed by 
cholecystectom y (90, 308-310). When the gallbladder is removed the facility  fo r
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storage between meals is destroyed and bile flows continuously into the 
duodenum prom oting retrograde reflux into the  stomach (311-313) leading to  
duodeno-gastric reflux. Furthermore, as no bile bolus enters the duodenum  
there is no mechanism fo r switching o ff CCK secretion. CCK levels remain 
elevated a fter meals(2) and CCK may fu rthe r contribute by reducing the lower 
oesophageal pressure and altered cardia function(314-317) facilita ting gastro- 
oesophageal reflux. The exaggerated CCK response is d irectly involved in 
transient lower oesophageal sphincter relaxations, fu rthe r facilita ting duodeno- 
gastro-oesophageal reflux(318).
Clinical and epidemiological data suggest an association between 
cholecystectomy and augmented bile reflux(319). Duodeno-gastric reflux is 
common in patients w ith  previous cholecystectomy (320, 321). Lorusso et al 
(322) showed increased duodeno-gastric reflux o f bile acids after 
cholecystectomy w ith  a mild morphologic a lteration o f the gastric mucosa. This 
resulted in an elevation o f gastric pH in post-cholecystectomy patients, which in 
tu rn  resulted in increased parietal cell density and increased gastrin levels(322). 
Cholecystectomy has appeared to  be a critical facto r in the pathogenesis o f bile 
gastritis in patients w ho have not had prior gastric surgery(85).
Freedman et al(309) suggested an association between cholecystectomy and an
increased risk o f adenocarcinoma o f the oesophagus, possibly due to  the toxic
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effect o f refluxed bile.on oesophageal mucosa. Over the last three decades the 
incidence o f oesophageal adenocarcinoma has increased 463% among w hite  
males and 335% among w hite  wom en(323). The rate o f this increase is far . 
greater than any o ther epithelial malignancy(324). Since the reasons fo r this 
change in incidence have not been fu lly  explained and the 5 year overall survival 
fo r sym ptom atic adenocarcinoma remains less than 15%(325), there is great 
pathological concern about the understanding o f th is rise.
Recent advances in im m unohistochem istry have enabled better 
characterization o f premalignant conditions o f the oesophagus and stomach, by 
detecting d iffe ren t proteins related to  apoptosis and proliferation like 
transcription facto r p53 which plays a m ajor role in preventing tum our 
development(213). It responds to  a range o f potentia lly oncogenic stresses by 
activating protective mechanisms, most notably cell cycle arrest and apoptosis 
(212). Ki-67 expression is associated w ith  cellular proliferation and the active 
phases o f the cell cycle(238). Abnorm ally persistent expression o f Ki-67 is 
associated w ith  prem alignant dysplasia in oesophageal squamous epithelium  
and Barrett's mucosa (242).
In Study 1 we found tha t a clinically significant num ber o f patients (30%) being 
investigated fo r upper Gl symptoms had a previous history o f cholecystectomy.
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We also found tha t patients w ith  previous history o f cholecystectomy had 
increased bile reflux index suggesting tha t cholecystectomy increases pathologic 
bile reflux leading to  changes at histological and m olecular level. The aim o f this 
retrospective study was to  examine the effects o f cholecystectomy on the 
internal m ilieu o f the upper gastrointestinal tract, at histological and molecular 
level.
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5 .2  P A T IE N T S  A N D  M E T H O D S
5.2.1 Study Groups
Three groups o f patients were recruited fo r th is study:
Group 1: The Control Group (n = 26) were patients who presented w ith  upper 
abdominal pain and required upper Gl endoscopy. None had symptoms o f 
gastro-oesophageal reflux disease and all had absence o f gallstone disease 
confirm ed by ultrasound scan.
Group 2: The Pre-cholecystectomy Group (n = 25) were patients who had a 
confirm ed diagnosis o f gallstones and were awaiting cholecystectomy. Upper 
Gl endoscopy was carried out as a part o f pre-operative investigations.
Group 3: The Post-cholecystectomy Group (n = 29) were patients tha t had 
undergone cholecystectomy at least one year previously.
5.2.2 Exclusion Criteria
Participants w ith  a previous history o f surgery e ither oesophageal, gastric, 
duodenal, hepatic o r pancreatic surgery were excluded; patients w ith  a history 
o f carcinoma such as gastric and oesophageal adenocarcinoma, or w ith  an 
oesophageal stent in situ, or who were receiving or had received chemotherapy 
or radiotherapy were also excluded; patients w ith  choledocho-lithiasis, surgical 
obstructive jaundice, cholangitis, known peptic ulcer disease or biliary tract
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disease o ther than cholelithiasis were excluded from  the study; participants 
w ith  conditions known to  affect gallbladder m otility , including patients w ith  
diabetes or chronic liver disease were excluded; and fina lly  patients being 
prescribed pharmacological agents known to  affect acid secretion or 
gastrointestinal or gallbladder m o tility  were excluded.
5.2.3 Patient Information and Consent
The study was discussed w ith  all patients recruited. An inform ation booklet was 
given to  all patients who had the opportun ity  to  ask questions related to  this 
study. They were aware tha t they had the right to  w ithdraw  from  the study 
w ith o u t obligation, o r compromise to  the ir treatm ent. Patients were reassured 
tha t the ir individual privacy would be m aintained in all published and w ritten  
m aterial resulting from  th is study. Informed consent was signed by each 
patient prior to  recru itm ent to  the  study (Appendix la n d  2).
5.2.4 OGD And Collection Of Biopsy Samples
Upper gastrointestinal endoscopy was perform ed on all patients by the prim ary 
researcher. M ultip le  biopsies, at least 4, were taken from  gastric antrum , 
oesophago-gastric junction and 5cm above the oesophago-gastric junction. The 
biopsy specimens were oriented on filte r paper and im m ediately fixed in 
form alin.
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The Bile Reflux Index was obtained by histological examination o f sections o f 
the specimens tha t were stained w ith  haematoxylin and eosin (H&E) as 
described in Chapter 3. Briefly, the haematoxylin stains nuclei a dark blue or 
navy colour and eosin stains cytoplasm pink. The slides w ith tissue slices 4ju.m 
th in were placed into the Tissue Tek® Prism a™ autom ated slide stainer fo r 
staining. The machine has oven which melts the wax at 63°C and then the 
remaining wax is melted chemically w ith  xylene. It then immerses the baskets 
o f slides into solution reservoirs o f ethanol advancing from  higher grade to  
lower finally in to a reservoir o f water. The process o f staining fo r haematoxylin 
is regressive staining. The slides are placed in a reservoir o f haematoxylin and 
then in to  a 1% hydrochloric acid solution, which removes all o f the staining 
except at the nuclei. Staining fo r eosin is then perform ed by initia lly immersing 
the slides in 95% ethanol and then eosin.
The slides then proceed to  the Tissue Tek® Glass coverslipper fo r autom ated 
coverslipping. The coverslips form  a secure bond w ith  the  slide by applying the 
Thermo Scientific Shandon Consul-Mont, a xylene based glue. The coverslipped 
slides are then dried in the machine by tw o  drying fans above and below the 
slides. The dried slides are then ready fo r examination under light microscopy.
5.2.5 Tissue Processing and Staining
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5.2.6 Bile Reflux Index (BRI)
A senior consultant histopathologist, who was blind to  the clinical details o f the 
patients and the endoscopy findings, assessed the biopsies fo r histological 
features o f bile reflux in the gastric antrum  and oesophago-gastric junction 
(OGJ) which were calculated by using the Bile Reflux Index (BRI) devised by 
Sobala et al(164). This has been explained in detail in the chapter 3. A BRI 
above 14 indicates duodeno-gastric reflux (defined as bile acid level > lm m o l/L , 
the upper lim it o f physiological reflux). The biopsies from  5cm above the OGJ 
were assessed fo r bile reflux by grading 1-3 according to  the basal cell layer 
proliferation in the squamous oesophageal mucosa and also by the height o f 
the papillae w ith in  the epithelium .
5.2.7 Immunohistochemistry
The details o f th is procedure have been described in the chapter 3. Briefly it 
consisted o f fixing, embedding, cutting, m ounting, deparaffinisation, 
rehydration, staining, counterstaining, dehydrating and stabilizing w ith  
m ounting medium and viewing the staining under the microscope. We used 
this method fo r dem onstrating the  presence and location o f p53, and Ki-67 
proteins in tissue sections at the gastric antrum , oesophago-gastric junction and 
5cm above the oesophago-gastric junction .
1 2 0
5.2.8 Statistical Analysis
P-values were all tw o  tailed and the alpha level o f significance was set at 0.05. 
The prevalence is shown as a percentage. Chi-2 test was using fo r testing 
comparison in univariate analysis. ANOVA was used fo r m ultivariate analysis. 
Post hoc correlations were calculated w ith  Dunett's T3 test. Data was analyzed 
using SPSS version 18.
5.2.9 Ethics approval
The certificate o f approval fo r this study was granted before enro lm ent by the 
Research Ethics Committee, Connolly Hospital, Blanchardstown, Dublin. All 
participants gave the ir consent to  participate in the study. No economic 
reim bursem ent was given fo r participation.
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5.3.1 Patient Demographics
The mean age (SEM) across all patient groups was 57.3(1.5) years and there was 
no significant difference (p=0.626) between the cohorts. The mean age o f 
patients was 58(1.7) years in Group 1, 54.2(2.6) years in Group 2 and 59.2(3.1) 
years in Group 3.
There were significantly few er female patients in the control group than in the 
pre- and post- cholecystectomy groups (p=0.005). In Group 1, 35% o f patients 
were female compared w ith  76% in Group 2 and 69% in Group 3.
The mean (SEM) BMI across all groups was 27.8 (0.54). The mean BMI o f 
patients was 26.8(4.3) in G roup l, 29.1(4.5) in Group 2 and 28(5.4) in Group 3. 
There was no significant difference in BMI between or w ith in  groups (p = 0.706). 
Patients were fu rth e r divided into normal (BMI < 25), overweight (BMI 25-30) 
and obese (BMI >30), to  increase the statistical power. The distribution o f 
norm al BMI patients between the groups was 39% in Group 1, 20% in Group 2 
and 31% in Group 3 (p=0.532). Of overweight patients there were 16 (62%) in 
Group 1, 20 (80%) in Group 2 and 20 (69%) in Group 3 (p=0.918). Of obese 
patients there were 4(15%) in Group 1, 7(28%) patients in Group 2 and 6(21%) 
in Group 3 (p=0.687).
5.3 RESULTS
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Gastric Antrum
When biopsies of the gastric antrum that had a positive BRI were compared 
there were 11% (3) in Group 1, 20% (5) in Group 2 and 69% (20) in Group 3 
(p=0.001)(Figure 24).
5.3.2 Bile Reflux Index (BRI)
Figure 24 Positive Bile Reflux Index (BRI) at the gastric antrum in three groups. 
Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 
3: Patients with history of cholecystectomy more than a year previously.
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Oesophago-gastric Junction (OGJ)
When biopsies of the OGJ were compared there were 19% (5) of patients with a 
positive BRl in Group 1, 12% (3) in Group 2 and 41% (12) in Group 3. The BRI 
positivity in Group 3 was significantly higher than Group 1 (p=0.032) while 
Group 2 did not differ significantly from Group 1 (p=0.708)(Figure 25).
_____________________ Qesophagogastric Junction____________________________
8 0 -
Control Pre-op cholecystectom y (paired) >1 year post-op cholecystectom y
Study Group
Figure 25 Positive Bile Reflux Index (BRI) at the oesophago-gastric junction in 
three groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy more than a year 
previously.
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Changes 5cm Above OGJ
When biopsies taken 5cm above the OG junction were compered only 8% (2) of 
patients in Group 1, were positive for BRI, compared with 24% (6) in Group 2 
and 14% (4) patients Group 3. There was no difference between the groups 
(p=0.258)(Figure 26).
________Distal Oesophagus, 5 cm from  Peso ph ago gastric Junction_______________
4 0 -
Control Pre-op cholecystectom y (paired) >1 year post-op cholecystectom y
Study Group
Figure 26 Positive Bile Reflux Index (BRI) at 5 cm from oesophago-gastric 
junction in three groups. Group 1: Gallstone-free controls. Group 2: Pre­
cholecystectomy patients. Group 3: Patients with history of cholecystectomy 
more than a year previously.
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p53 was expressed in only 4% (1) of Group 1 subjects compared with 44% (11) 
of Group 2 and 52% (15) of patients in Group 3. Expression of p53 was 
significantly higher in the gastric antrum in Groups 2 and 3 compared to Group
1 (p=0.001) (Figure 27).
Distal Oesophagus, 5 cm fro m  O esophagogastric Junction_______________
5.3.3 Expression of p53
Gastric Antrum
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Figure 27 Expression of p53 protein at gastric antrum in three groups. Group 1: 
Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 3: 
Patients with history of cholecystectomy more than a year previously.
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Oesophago-Gastric Junction (OGJ)
p53 expression was significantly higher at the OGJ in Groups 2 and 3 compared 
to G roup l (p=0.001). Expression of p53 increased from 19% (5) in Group 1, to 
48% (12) in Group 2 and 66% (19) in Group 3 (Figure 28).
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Figure 28 Expression of p53 protein at oesophago-gastric junction in three 
groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy more than a year 
previously.
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Oesophagus 5cm above OGJ
Expression of p53 occurred in 19% (5) of Group 1 patients compared with 36% 
(9) patients in Group 2 and 24% (7) patients in Group 3. Groupl did not differ 
from any other group (p = 0.363, 0.999, 0.945 respectively). There were no 
other significant interactions within or between groups. (Figure 29).
Figure 29 Expression of p53 protein at 5cm from oesophago-gastric junction in 
three groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy more than a year 
previously.
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5.3.4 Expression of Ki-67 
Gastric Antrum
Expression of Ki-67 at the gastric antrum was significantly higher in Group 3 as 
compared to Groups 1 and 2 (p = 0.001). Ki-57 expression was positive in 23% 
(6) of Group 1 patients compared with 4%  (1) of Group 2 and 59% (17) of 
Group 3 patients (Figure 30).
Pre-op cholecystectomy (paired) >1 year post-op cholecystectomy 
Study Group
Figure 30 Expression of Ki-67 at gastric antrum in three groups. Group 1: 
Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 3: 
Patients with history of cholecystectomy more than a year previously.
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Ki-67 expression was significantly higher at the OGJ in Group 3 compared to 
Groups 1 and 2 (p = 0.001). Ki-67 expression was positive in 19% (5) of Group 1 
patients compared with 12% (3) Group 2 patients and 62% (18) Group 3 
patients (Figure 31).
Oesophago-gastric Junction (OGJ)
Oesophagogastric Junction
1 25-
Control Pre-op cholecystectom y (paired) >1 year post-op cholecystectom y
Study Group
Figure 31 Expression of Ki-67 at oesophago-gastric junction in three groups. 
Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 
3: Patients with history of cholecystectomy more than a year previously.
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Oesophagus 5cm above OGJ
Ki-67 expression was positive in 12% (3) Group 1 patients compared to 4% (1) 
Group 2 and 69% (20) in Group 3. Ki-67 expression was significantly higher 5cm 
above the OGJ in Group 3 compared to Groups 1 and 2 (p = 0.001). (Figure 32).
Distal Oesophagus. 5 cm from  Oesophagogastric Junction
Control Pre-op cho lecystectom y (paired) >1 year post-op ch olecystectom y
Study Group
Figure 32 Expression of Ki-67 at 5 cm from oesophago-gastric junction in three 
groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy more than a year 
previously.
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5 .4  D IS C U S S IO N
In this study we examined the changes to the gastric antral mucosa, the OGJ 
mucosa and the mucosa 5 cm above the OGJ caused by cholecystectomy using 
histological change and molecular markers.
This study on patients with a remote history of cholecystectomy found that the 
bile reflux index was increased at the gastric antrum and oesophago-gastric 
junction in post-cholecystectomy patients compared with patients who were 
pre-cholecystectomy and with controls. This was associated with a highly 
significant increase in Ki-67 expression between controls and post­
cholecystectomy patients at all three sites. Ki-67, a marker of cellular 
proliferation(326-330), is present only in the mitotic phases of cell cycle(237) 
and is an indicator of regenerating and reactive epithelium. The expression was 
marked at the antrum and OGJ and at 5cm above the OGJ. p53 expression was 
also increased in patients with a history of cholecystectomy at the gastric 
antrum and oesophago-gastric junction. The p53 protein plays a major role in 
preventing tumour development and is a known tumour suppressor 
protein(213). Higher expressions of p53 indicate apoptosis and cell death (212). 
The expression of both molecular markers is consistent with the distribution of 
refluxed bile.
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Patients with duodeno-gastro-oesophageal reflux post-cholecystectomy have 
increased bile acids in the stomach and in the oesophagus (319). Different 
theories have been presented on the detrimental effects of bile acids and salts 
and their pathophysiological mechanisms. Toxic effects may be mediated 
through cyclooxygenase 2 and it has been found that blocking this enzyme 
decreases cancer growth ex-wVo(331). Bile acids have also been shown to 
disrupt intra and extra-cellular membranes and junctions(9). Duodenal 
refluxate has not only been found to induce adenocarcinoma of the oesophagus 
in an animal model(332, 333) but also in patients who develop adenocarcinoma 
arising from metaplastic epithelium(190).
Cholecystectomy has been previously associated with increased risk of
adenocarcinoma of the oesophagus by toxic effects of duodenal refluxate(334).
This is the first study to identify increased expression of the molecular markers
p53 and Ki-67 in post-cholecystectomy patients and demonstrate a possible
association between duodeno-gastro-oesophageal reflux and the early stages of
carcinogenesis. Ki-67 over-expression has been suggested to have a potential
value in identifying patients at increased risk of progression towards high grade
dysplasia and oesophageal adenocarcinoma(231). The positivity of Ki-67 at the
gastric antrum, OGJ and 5cm above OGJ suggests that the proliferation step in
mucosa is actively induced by exposure to bile reflux. It is inevitable that the
activation of cell cycle regulating proteins and increasing Ki-67 positive cells
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occur to repair oxidative DNA damage, which is thought to develop as a result 
of bile reflux(335). Therefore, the rapid turnover process in the epithelial cells 
probably leads to p53 mutations and p53 protein accumulation. Previous 
studies have demonstrated that positive rates of p53 protein expression are 
gradually increased from normal to reflux oesophagitis and furthermore to 
Barrett's metaplasia and dysplasia(232). In a study by Shaheen and Ransohoff 
(336) patients with oesophagitis have been reported to have five-fold increased 
risk of oesophageal adenocarcinoma. Therefore, these molecular markers are 
depicters of these early carcinogenic changes that bile acids and salts induce in 
the oesophageal mucosa as a result of cholecystectomy predisposing to 
increased risk of oesophageal adenocarcinoma.
Our study suggests that bile reflux is increased in patients with a remote history 
of cholecystectomy. Bile reflux may have a carcinogenic effect on the upper Gl 
mucosa of these patients, which is indicated by extremely high expression of Ki- 
67 and p53. This high expression of Ki-67 and p53 takes place as a consequence 
of increased proliferation, reactive and regenerating epithelium, oncogenic 
stress, apoptosis and cell death. It is important for surgeons to understand that 
these changes occur in post-cholecystectomy patients. What is unclear is 
whether these changes are brought about by cholecystectomy or whether
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oesophageal and gastric changes occur in a population of patients also at risk 
for gallstones. This will require resolution in a prospective study.
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C H A P T E R  6
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A B S T R A C T
Background: Cholecystectomy is not innocuous. Loss of the reservoir function 
of the gallbladder results in a continuous flow of bile into the duodenum which 
predisposes to bile reflux into the stomach and oesophagus.
Aims: To examine the effects of cholecystectomy-induced bile reflux on the 
gastric and oesophageal mucosa in a paired population using the bile reflux 
index (BRI) and the molecular markers p53 and Ki-67.
Patients and Methods: Three study groups were compared: Group l(n=26) 
were gallstone-free patients who presented with upper abdominal pain and 
required upper Gl endoscopy. Group 2 (n=25) were patients with gallstones 
awaiting cholecystectomy. Group 3 (n=25) were the same patients that had 
undergone cholecystectomy, studied at 10 to 12 months following surgery.
Results: The cohorts were matched for age and BMI but Group 1 had fewer 
females (p = 0.002). BRI positivity was higher at the gastric antrum and OGJ in 
Group 3 compared with Group l(p=0.040). There was no significant difference 
in BRI between the groups at 5cm above OGJ. There was a significant increase 
in p53 expression at the antrum and OGJ in Group 2 (p=0.002) and Group 3 
(p=0.008) compared to Group 1, but expression did not differ between the 
groups at 5cm above the OGJ. Ki-67 expression was increased in the antrum, 
OGJ and 5cm above OGJ in Group 3 compared to Groupl (p<0.05).
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Conclusion: Changes occur in the mucosa of the stomach and oesophagus 
following cholecystectomy which are attributable to bile reflux. The molecular 
changes precipitated by cholecystectomy are similar to those identified as 
precursors of Barrett's oesophagus which is a risk factor for oesophageal 
adenocarcinoma. It may be time to reconsider our approach to patients with 
gallstones; to consider methods of preserving the functioning gallbladder and, 
in patients with a strong family history of gallstone disease, to consider 
methods of altering the composition of secreted bile.
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6 .1  IN T R O D U C T IO N
Cholecystectomy is the standard of care for symptomatic cholelithiasis 
however, not all patients are relieved of their symptoms following surgery. Up 
to 50% of patients have persistent or new symptoms (337) and up to one 
quarter of patients may consult their physician for persistent abdominal 
pain(338). This suggests that either their original symptoms were not biliary in 
origin, that their biliary problem was unsuccessfully addressed or that new 
symptoms emerged as a consequence of cholecystectomy. Post-operative 
symptoms include abdominal pain, nausea, abdominal distension, bloating, 
belching and heartburn(92). The term "post-cholecystectomy syndrome" was 
coined to describe these symptoms; best defined as gastrointestinal symptoms 
that develop subsequent to, or persist in spite of, cholecystectomy. Pibram was 
the first to define it but attributed all cases to residual stones(283). We have 
previously shown that cholecystectomy is associated with increased gastro- 
oesophageal reflux (80, 90, 91, 293). With the loss of the reservoir function of 
the gallbladder there is a continuous flow of bile into the duodenum which may 
predispose to bile reflux into the stomach. Cholecystectomy results in 
increased plasma cholecystokinin (CCK) production which reduces lower 
oesophageal sphincter pressure(2) and increases transient lower oesophageal 
sphincter relaxation episodes, further exposing the lower oesophagus to the 
refluxed bile(318).
139
Bile in the stomach is noxious and excessive bile reflux may result in erythema 
of gastric mucosa and ulceration(339). The refluxed bile is believed to 
contribute to damage to the gastric and oesophageal lining(340). The data 
linking bile reflux to gastric and oesophageal cancer is persuasive. Evidence has 
accumulated that exposure of the cells of the gastro-intestinal tract to repeated 
high physiologic levels of bile acids is an important risk factor for upper gastro­
intestinal cancer(341). High exposure of bile leads to the generation of reactive 
oxygen species (ROS) and reactive nitrogen species (RNS) through multiple 
pathways involving disruptions of the cell membrane and mitochondria(342). 
Increased production of ROS/RNS, can lead to increased DNA damage and then 
increased mutation(342).
Barrett's oesophagus is a metaplastic lesion of the distal oesophagus, 
characterized by the replacement of the normal squamous epithelium by 
columnar intestinal epithelium containing goblet cells(343). It is an important 
predisposing condition for the development of oesophageal 
. adenocarcinoma(343). Barrett's oesophagus is associated with increased 
duodeno-gastro-oesophageal reflux (344, 345). Expression of bile acid 
transporter proteins is increased in Barrett's oesophagus suggesting that 
Barrett's metaplasia may be an adaption to protect cells from bile acids(346).
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In our previous study we found an increase in the bile reflux index (BRI) in 
patients with a previous history of cholecystectomy compared to the non­
operated gallstone patients and to controls. It was unclear from this study 
whether these findings were truly attributable to cholecystectomy or whether 
other environmental factors could have contributed to both conditions as it was 
an unpaired study. For this reason we embarked on a prospective study of 
paired patients to compare subjects before and after a significant surgical 
intervention. In this study, in the same group of patients, we evaluated the 
mucosal expression of bile reflux injury using the bile reflux index based on 
histological markers and markers of apoptosis and proliferation based on 
immunohistochemical methods.
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6 .2  P A T IE N T S  A N D  M E T H O D S
6.2.1 Study Groups
Three study groups were compared:
Group 1: Controls (n=26) were patients who presented with upper abdominal 
pain and required upper Gl endoscopy. None had symptoms of gastro- 
oesophageal reflux disease and all patients had absence of gallstone disease 
confirmed by ultrasound scan.
Group 2: Pre-cholecystectomy (n=25) were patients who had a confirmed 
disgnosis of gallstones and were awaiting cholecystectomy. Upper Gl 
endoscopy was carried out as a part of pre-operative investigations.
Group 3: Post-cholecystectomy < 1 year (n=25) were the same patients in 
Group 2 that had undergone cholecystectomy and who were studied at 10 to 12 
months following surgery.
6.2.2 Exclusion Criteria
Participants with a previous history of oesophageal, gastric, duodenal, hepatic 
or pancreatic surgery were excluded; patients with a history of gastric and 
oesophageal adenocarcinoma, or with an oesophageal stent in situ, or who 
were receiving or had received chemotherapy or radiotherapy were also 
excluded; patients with choledocholithiasis, surgical obstructive jaundice,
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cholangitis, known peptic ulcer disease or biliary tract disease other than 
cholelithiasis were excluded from the study; participants with conditions known 
to affect gallbladder motility, including patients with diabetes or chronic liver 
disease were excluded; and finally patients being prescribed pharmacological 
agents known to affect acid secretion or gastrointestinal or gallbladder motility 
were excluded.
6.2.3 Patient Information and Consent
The project was discussed with all patients recruited. An information booklet 
was given to all patients who had the opportunity to ask questions related to 
this study. They were aware that they had the right to withdraw from the study 
without obligation, or compromise to their treatment. Patients were reassured 
that their individual privacy would be maintained in all published and written 
material resulting from this study. Informed consent was signed by each 
patient prior to recruitment to the study (Appendix 1 and 2).
6.2.4 OGD And Collection Of Biopsy Samples
Upper gastrointestinal endoscopy was performed on all patients by the primary 
researcher. Multiple biopsies, at least 4, were taken from gastric antrum, 
oesophago-gastric junction and 5cm above the oesophago-gastric junction. The
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biopsy specimens were oriented on filter paper and immediately fixed in 
formalin.
6.2.5 Tissue Processing and Staining
The protocol for this has already been explained in detail in chapter 3 on for 
general methodology. Briefly, however, it consisted of deparaffinising and 
rehydrating the tissue blocks, staining with haematoxylin solution, rinsing with 
an HCI solution and counterstaining with xanthene dye e.g eosin.
6.2.6 Bile Reflux Index (BRI)
This has been described in detail in chapter 3 and performed by a senior 
consultant histopathologist, who was blind to the clinical details of the patients 
and the endoscopy findings. He assessed the biopsies for histological features 
of bile reflux in the gastric antrum and oesophago-gastric junction (OGJ) which 
were calculated by using the BRI devised by Sobala et al(164). A BRI above 14 
indicated duodeno-gastric reflux (defined as bile acid level >lmmol/L, the upper 
limit of physiological reflux). The biopsies from 5cm above the OGJ were 
assessed for bile reflux by grading 1-3 according to the basal cell layer 
proliferation in the squamous oesophageal mucosa and also by the height of 
the papillae within the epithelium.
144
6.2.7 Immunohistochemistry
The details of this procedure have been described in chapter 3. Briefly, 
however, it consisted of fixing, embedding, cutting, mounting, deparaffinisating, 
rehydrating, staining, counterstaining, dehydrating and stabilizing with 
mounting medium and viewing the staining under the microscope. We used 
this method for demonstrating the presence and location of p53 andKi-67 
proteins in tissue sections at the gastric antrum, oesophago-gastric junction and 
5cm above the oesophago-gastric junction. ■
6.2.8 Ethical Approval
The certificate of approval for this study was granted before enrolment by the 
Research Ethics Committee, Connolly Hospital, Blanchardstown, Dublin. All 
participants gave their consent to participate in the study. No economic 
reimbursement was given for participation.
6.2.9 Statistical Analysis
P-values were all two tailed and the alpha level of significance was set at 0.05. 
The prevalence is shown as a percentage. Chi-2 paired test was used for testing 
comparison in paired group. ANOVA was used to test multivariate analysis 
between and within groups. Post hoc correlations were calculated with 
Dunett's T3 test. Data was analyzed using SPSS version 18.
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6.3.1 Age
The mean age (SEM) across all patients was 57.3(1.5) years. The mean age of 
patients in Group 1 was 58(1.7) years and 54.2(2.6) years in Group 2/3 
respectively. ANOVA between and within groups did not find any significant 
differences (between groups p=0.626, no significant interactions within groups).
6.3.2 Gender
There were significantly fewer female patients 9/26(35%) in Group 1 as 
compared to Groups 2/3, with 19 of 25 patients being female (76%),( p =
0.002).
6.3.3 BMI
The mean BMI was similar in all groups. Twelve of 26 (46%) patients in Group 1 
were overweight having a BMI 26-30 compared with 13(52%) overweight 
patients in Group 2 and 3 (p = 0.676) while 4(15%) patients were obese in 
Group 1 with BMI > 30, compared with 7(28%) in Group 2 and 3 (p = 0.274).
6.3 RESULTS
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Gastric Antrum
The BRI at the gastric antrum was positive in ll%  (6) of Group 1, compared with 
20% (5) in Group 2 and 36 % (9) in Group 3. There was no significant difference 
between groups 1 and 2 (p=0.406) or groups 2 and 3 (p = 0.208) but there was a 
difference between groups 1 and 3 (p=0.04) (Figure 33).
Gastric Antrum
80-
6.3.4 Bile Reflux Index
C£
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Control Pre-op cholecystectom y (paired) <1 year post-op cholecystectom y
(paired)
Study Group
Figure S3 Positive Bile Reflux Index (BRI) at the gastric antrum in three groups. 
Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 
3: Patients with history of cholecystectomy less than one year previously (Paired 
Study).
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Nineteen percent (5) of patients had a positive BRI at the OG junction in Group 
1, compared with 12%(3) of Group 2 and 20% (5) of Group 3. There was no 
significant difference between any of the groups [Group 1 vs Group 2 (p=0.478); 
Group 1 vs Group 3 (p=0.803) or Group 2 vs Group 3 (p=0.625)](Figure 34).
Oesophago-gastric Junction (OGJ)
Pre-op cholecystectomy (paired) <1 year post-op cholecystectomy
(paired)
Study Group
Figure 34 Positive Bile Reflux Index (BRI) at the oesophago-gastric junction in 
three groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy less than one year 
previously (Paired Study).
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Changes 5 cm above OGJ
Only 8% (2) of patients in Group 1 had a positive BRI 5cm above the OGJ 
compared with 24% (6) of Group 2 and 12% (3) of Group 3 patients. There was 
no significant difference between any of the groups. [Group 1 vs Group 2 (p = 
0.109); Group 1 vs Group 3 (p = 0.605); Group 2 vs Group 3 (p = 0.269)](Figure 
35).
_______ Distal Oesophagus, 5 cm from Oesophagogastric Junction___________
4 0 -
Control Pre-op cholecystectom y (paired) <1 year post-op cholecystectom y
(paired)
Study Group
Figure 35 Positive Bile Reflux Index (BRI) at 5 cm from oesophago-gastric 
junction in three groups. Group 1: Gallstone-free controls. Group 2: Pre­
cholecystectomy patients. Group 3: Patients with history of cholecystectomy 
less than one year previously (Paired Study).
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P53 was expressed in 4% (1) of control (Group 1) patients, in 44% (11) of Group
2 patients and in 32% (8) of Group 3 patients. There was a significant increase in 
expression seen in Group 3, compared with Group 1 (p=0.008). The incidence of 
p53 overexpression did not differ between Groups 2 and 3 (p=0.597)(Figure 36).
6.3.5 Expression of p53
Gastric Antrum
§
a
Figure 36 Expression of p53 protein at the gastric antrum in three groups.
Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 
3: Patients with history of cholecystectomy less than one year previously (Paired 
Study).
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Expression of p53 was identified in 19% (5) of Group 1, increasing significantly 
to 48% (12) in Group 2 (p=0.029) and remained elevated at 32% (8) in Group 3, 
(p=0.296)(Figure 37).
Oesophago-gastric Junction (OGJ)
5tudy Group
Figure 37 Expression of p53 protein at the oesophago-gastric junction in three 
groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy less than one year 
previously (Paired Study).
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Oesophagus 5cm above OGJ
The expression of p53 5cm above the OGJ was 19%(5) in Group 1, 36%(9) in 
Group 2, and 20% (7) of Group 3(p=0.180). P53 expression did not differ 
significantly between groups at this anatomic level (Group 1 vs Group 2 p=0.22; 
Group 2 vs Group 3 p=0.384; Group 1 vs Group 3 p=0.751)(Figure 38).
Study G roup
Figure 38 Expression of p53 protein at 5 cm from oesophago-gastric junction in 
three groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy less than one year 
previously (Paired Study).
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6.3.6 Ki-67 Expression 
Gastric Antrum
Ki-67 expression was positive at the gastric antrum in 23% (6) of patients in 
Group 1 compared with 4% (1) in Group 2 (p=0.048) which increased to 44% 
(11) in Group 3 after cholecystectomy (Group 1 vs Group 3; p=0.144. Group 2 vs 
Group 3 p = 0.002) (Figure 39).
Gastric A n tru m
O 100-
Control Pre-op cholecystectomy (paired) <1 year post-op cholecystectomy
(paired)
Study Group
Figure 39 Expression of Ki-67 at the gastric antrum in three groups. Group 1: 
Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 3: 
Patients with history of cholecystectomy less than one year previously (Paired 
Study).
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Ki-67 expression was positive at the OGJ in 19% (5) of patients in Group 1 as 
compared to 12%(3) of Group 2, (p=0.703) and 4 8 % (ll)o f  Group 3 patients, 
(p=0.044). The increase in Group 3 compared with Group 2 was significant (p = 
0.012)(Figure 40).
_________________________ Qesophagogastric Junction____________________________________
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Figure 40 Expression of Ki-67 at the oesophago-gastric junction in three groups. 
Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy patients. Group 
3: Patients with history of cholecystectomy less than one year previously (Paired 
Study).
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Oesophagus 5cm above OGJ
Ki-67 expression was positive 5cm above the OGJ in Group 1 in 11% (3) 
compared to 4% (1) in Group 2 (p=0.277) and 36% (9) in Group 3 respectively 
(p=0.025). There was a significant difference between group 3 and Group 
2(p=0.005)(Figure 41).
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Figure 41 Expression of Ki-67 at 5 cm from oesophago-gastric junction in three 
groups. Group 1: Gallstone-free controls. Group 2: Pre-cholecystectomy 
patients. Group 3: Patients with history of cholecystectomy less than one year 
previously (Paired Study).
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6 .4  D IS C U S S IO N
In this paired study we found an increased incidence of bile reflux injury in 
patients with gallstones and this injury increased following cholecystectomy. It 
supports an association between bile reflux into the stomach and histological 
and molecular changes. The increased incidence of bile reflux injury in patients 
with gallstones before surgery probably reflects the fact that some of these will 
have non-functioning or poorly functioning gallbladders due to the presence of 
gallstones in the gallbladder or because of a stone impacted in the neck of the 
gallbladder or cystic duct. These patients will have been functionally 
cholecystectomised by their disease and will not have a bile reservoir. Little 
physiological change will result for these patients after cholecystectomy.
The increased BRI was associated with increased expression of the molecular 
marker Ki-67 within one year of cholecystectomy. Immunohistochemical 
staining for MIB-1, the Ki-67 proliferation antigen, has been shown to increase 
expression in the Barrett's oesophagus-dysplasia-adenocarcinoma 
sequence(241, 347). The increased expression of Ki-67 may reflect chronic 
mucosal inflammation and repetitive cycles of epithelial regeneration (347).
We found a low expression of p53. This may reflect mutation of the p53 gene, 
or accumulation of wild type p53 protein due to inflammatory process 
undetectable by immunohistochemistry. It may also be because studies have
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shown p53 over expression at later stages of disease progression. Studies have 
demonstrated that rates of p53 protein expression are increased gradually from 
normal to reflux oesophagitis to Barrett's metaplasia and to dysplasia. 
Expression of p53 has been shown beyond the stage of chronic active gastritis 
and intestinal metaplasia formation.
Several studies have suggested that bile can damage DNA directly (348, 349). 
Lithocholic acid has specifically has been identified as a promoter in 
experimental carcinogenesis by causing cell transformation and DNA strand 
breaks (350-352). Duodeno-gastric reflux is thus considered the main cause of 
various symptoms after gastrectomy that adversely affect quality of life(353). 
The role of duodeno-gastro-oesophageal reflux in the pathogenesis of Barrett's 
oesophagus is well established (344, 354, 355). And Barrett's oesophagus is a 
known premalignant precursor lesion for oesophageal adenocarcinoma (356).
It has been suggested that prevalence of gallstone disease is increased in 
Barrett's oesophagus (357). We have shown previously that gallbladder 
function is impaired in patients with Barrett's oesophagus and oesophageal 
adenocarcinoma(4). The impaired motility and function of the gallbladder may 
be a contributing factor for development of gallstones(358). The decreased 
motility and formation of stones all predispose to duodeno-gastro-oesophageal 
reflux as the function of the gallbladder with stones becomes progressively 
impaired or completely non-functional (359). Cholecystectomy will worsen
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duodeno-gastro-oesophageal reflux in patients with a functioning gallbladder 
due to the immediate loss of a bile reservoir(360).
A large study with a long and complete follow-up indicated an association 
between cholecystectomy and increased risk of oesophageal 
adenocarcinoma(361). This was a retrospective population-based cohort study 
calculating the risk of oesophageal adenocarcinoma in the entire Swedish 
population. A study by Katja et al in 2007 revealed an overall 11% increase in 
risk of gastric cancer in patients who had undergone cholecystectomy(362). A 
further study found an increased risk of oesophageal adenocarcinoma after 
cholecystectomy and the carcinogenic effect of refluxed bile was proposed as 
an explanation in 2001 but the study size was too small to prove the risk 
statistically (309).
In the era of peptic ulcer surgery partial gastrectomy was identified as a 
predisposing cause of gastric cancer after an interval of 20 or more years (363). 
Duodeno-gastric reflux has been reported as a cause for changes in the mucosa 
of postoperative stomach leading to stump carcinogenesis (364, 365). Billroth
II patients have been reported to be at higher risk for gastric carcinogenesis 
than those treated with Billroth 1(366, 367) because of increased bile in gastric 
stump(368). The putative link with the development of cancer in these patients
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was variously attributed to nitrosamines(369) and to bile(275, 363). Roux-en-Y 
reconstruction is effective in preventing bile reflux into the gastric remnant and 
reduces the risk of carcinogenesis in the gastric remnant(370, 371), 47). . 
Endoscopic findings of remnant gastritis and histologic alteration of the stump is 
significantly lower with Roux-en-Y anastomosis than with Billroth I or 11(372, 
373).
This study further validates the findings of our previous study that 
cholecystectomy predisposes to increased bile reflux and predisposes to a 
change in the internal micro-environment which are similar to Barrett's 
oesophagus and which may further lead to metaplasia-dysplasia-neoplasia 
sequence. The findings of this study have major potential implications for the 
management of gallstone disease. If loss of the storage reservoir results in 
potentially damaging mucosal injury other approaches must be reconsidered.
In patients with a non-functioning gallbladder there is little option but to 
proceed to cholecystectomy. For patients with a functioning gallbladder there 
is an option of gallstone removal or dissolution. There was a vogue in the early 
1990s to conserve the gallbladder with a range of alternatives such as 
percutaneous removal of gallstones or percutaneous cystolithotomy (374), 
percutaneous intubation and direct gallstone dissolution(375), extracorporeal 
shock wave lithotripsy(376), bile acid treatment(377) and ESWL with a 
combination of lithotripsy and oral bile salts(378-381). But these approaches
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appear to have run out of steam, partly due to the Introduction of laparoscopic 
cholecystectomy and partly because of the high rate of gallstone recurrence of 
up to 60% at ten years in some studies(382-384). With the findings of these 
studies conservative management options should be revisited.
Prevention of gallstone formation is a further option. Gallstone pathogenesis 
has been linked to cholesterol supersaturated bile(385). Impaired gallbladder 
motility leading with stagnant bile also contributes to stone formation(386).
The prevention of stone formation in animals(387) and sludge in humans(388) 
by promoting gallbladder emptying raises the possibility that oral prokinetic 
agents may prevent stone formation in humans specially in high risk 
groups(389). The ability to medically alter the concentration of secreted bile to 
reduce the concentration of the lithogenic elements would also be a major 
advance.
Our study suggests that patients with gallstones have increased indicators of 
reflux-induced injury and these increase further following cholecystectomy.
The molecular changes that occur as a result of cholecystectomy are similar to 
those identified as precursors of Barrett's oesophagus which itself is a major risk 
factor for oesophageal adenocarcinoma. Therefore this study provides further 
evidence for bile reflux as a precursor for gastric and oesophageal malignant
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transformation. It raises further concerns about the long term safety of 
cholecystectomy and supports the decisions to avoid cholecystectomy in 
patients with gallstones where indications for the surgery are uncertain. It 
further suggests that alternatives to cholecystectomy be further explored in 
patients with gallstones in a functioning gallbladder. Preventative measures 
should be explored in patients with a strong family history who are at 
considerable risk for gallstone development.
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C H A P T E R  7
G e n e r a l  D i s c u s s i o n  A n d  
C o n c l u s i o n s
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GENERAL DISCUSSION
The incidence o f proxim al gastric(31), card ia (390) and oesophageal 
adenocarcinom a has risen th ree -fo ld  in th e  W estern  w orld over last tw o  
decades (39 1 -3 94 ). This dram atic  increase cannot be explained by genetic  
factors alone (391, 395, 396). Environm ental factors must be involved. The  
low er oesophagus is constantly exposed to  th e  contents o f the internal m icro ­
environm ent o f th e  gastric lum en. Changes in this m icro -environm ent may  
have a m ajor im pact on th e  mucosa o f th e  cardia and low er oesophagus. The  
causes o f these changes and th e ir im pact rem ain unclear. B arrett's oesophagus, 
which results from  reflux o f th e  duodeno-gastric contents into th e  oesophagus, 
is the only risk factor w ith  a proven association w ith  adenocarcinom a (397 -401 ). 
Epidem iologic data suggests th a t th e  incidence o f B arrett's oesophagus has 
increased significantly over th e  past th re e  decades(402, 403 ). Until recently it 
was believed th a t 0 .5 -1%  o f these patients w ould  progress to  oesophageal 
adenocarcinom a each year(404 ). In a recent nationw ide population based, 
cohort study, how ever, the  annual risk o f oesophageal adenocarcinom a in 
patients w ith  B arrett's oesophagus was found as low  as 0 .12% (405 ).
The exact com ponent or com ponents which prom ote  intestinal m etaplasia  
is /are  unknow n. H itherto  th e  vast m ajority  o f studies focused on acid reflux. 
This was due to  th e  fact th a t the deve lo p m en t o f th e  pH probe was th e  first
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sophisticated investigative too! available to  th e  researcher. And w h ile  acid m ay  
be involved in injury, acid reflux m ay only be one of, or a m inor com ponent of, 
th e  toxic chemicals bathing th e  low er oesophageal lum en. Duodeno-gastric  
reflux o f bile, pancreatic and duodenal secretions may have an equally  
im po rtan t ro le (406) and chronic exposure o f oesophageal mucosa to  bile has 
been im plicated in the etiology o f th e  oesophageal lesions which develop into  
B arrett's oesophagus(407).
There are  m any triggers o f changes in th e  internal m ilieu o f th e  upper Gl tract 
but th e  m ost d irect is due to  a ltered  gallb ladder function . G allb ladder function  
m ay be im paired e ith e r spontaneously, in th e  absence o f injury (4), or by the  
d evelopm ent o f gallstones, em pyem a, m ucoceole or chronic in flam m ation , 
leading to  im paired  bile storage and release. This com prom ise o f bile storage  
and release ¡s most dram atically  seen in patients a fte r cholecystectom y(90). 
Since its in troduction  into  the surgeon's a rm am enta riu m , laparoscopic 
cholecystectom y has becom e th e  operation  o f choice fo r patients w ith  
gallstones as it is associated w ith  less postoperative pain and discom fort, b e tte r  
cosmesis, a shorter hospital stay and a chance fo r early return  to  w ork. A fte r  
cholecystectom y, how ever, bile transport is d istorted. Instead o f bile being 
stored in th e  gallbladder, to  be released in te rm itten tly  to  mix w ith  meals, bile is 
continuously produced and secreted by th e  liver into the duodenum  leading to
duodeno-gastric reflux and consequent gastro-oesophageal reflux(310).
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In our first study w e aim ed to  investigate th e  incidence, effects and contributing  
factors to  duodeno-gastric bile reflux in th ree  pa tien t populations; sym ptom atic  
controls, B arrett's patients and patients post oeophago-gastric resection fo r 
carcinom a. As anticipated increase in bile reflux was noted in patients w ith  
B arrett's oesophagus and post oesophago-gastrectom y w hen com pared w ith  
controls. The m ean age o f patients did not d iffer in th e  th ree  groups. There  
w ere  statistically-significantly m ore males noted in th e  B arrett's oesophagus 
and post oesophago-gastrectom y cohorts. There was no d ifference in BMI 
w ith in  th e  groups. H ow ever, w hen looking a t patients w ho had previous h istory  
of cholecystectom y w e noted th e  increased BRI was seen in association w ith  the  
constellation o f dem ographic risk-factors fo r cholelith iasis/gallb ladder 
dysfunction th a t in turn  increased the likelihood o f requiring cholecystectom y  
(age, B M I, gender). W e  also noticed th a t 70%  patients w ho  presented fo r  
investigations o f upper abdom inal sym ptom s w ere  on PPI th erap y and 61%  o f 
these had BRI positivity. A significant num ber o f patients had persistent upper 
abdom inal sym ptom s despite being on PPI th erap y  w hen  they presented for 
in v e s t ig a t io n s  o f t h e i r  s y m p to m s .  This m a y  s u g g e s t  t h a t  w h i le  PPI's c a n  
suppress th e  acidic e lem en t contributing to  th e ir sym ptom s, bile and its toxic 
effects persist. Nasr and colleagues (302 ) have shown th a t w hile  PPls have a 
dram atic  e ffect on acute in flam m atory  changes, chronic in flam m ation  persists. 
This becam e even clearer w hen w e looked at our groups individually. Patients  
in Group 2 w ho w ere  on surveillance fo r B arrett's  oesophagus had increased BRI
and increased incidence o f PPI use was noted in these patients as w ell. The  
fa ilu re  o f PPI th erap y (which targets acid) to  resolve sym ptom s associated w ith  
DGOR in B arrett's  patients gives us an insight which unmasks the chronic 
in flam m ation  th a t was hidden from  scrutiny by th e  previous interest in acid- 
m ediated  dam age.
A ugm entation  o f bile reflux was noted in patients w ho  had previous history of
cholecystectom y w hen com pared w ith  th e  patients w ho  had no history o f
cholecystectom y. The most unexpected finding o f this study, how ever, was th a t
one third o f patients w ho  presented fo r investigations o f upper abdom inal
sym ptom s w ere  noted to  have had a previous history o f cholecystectom y, and
th a t th e ir sym ptom s had persisted despite th e ir surgical history. A high
proportion  o f these still-sym ptom atic  post-cholecystectom y patients had
increased bile reflux index suggesting th a t the sym ptom s o f these patients w ere
not biliary in origin, th a t th e ir biliary problem  was unsuccessfully addressed or
th a t new  sym ptom s em erged as a consequence o f cholecystectom y. A fu rth e r
explanation is th a t this cohort o f patients developed new  sym ptom s as a result
o f cholecystectom y induced bile reflux. W hen  looking at the odds ratio  in
patients  w ho  undergo cholecystectom y, 37%  are m ore likely to  develop bile
reflux than those w ho  do not. This translates into th e  num ber o f patients
'needed to  be harm ed ' w ith  cholecystectom y in o rder to  provoke b ile -m ed ia ted
cellu lar dam age (dem onstrated  as BRI positive) as 15 .2  placing th em  at
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increased risk o f developing B arrett's oesophagus and oesophageal 
adenocarcinom a. This quantifiab le  excess D G O R -m ediated mucosal injury  
secondary to  cholecystectom y can thus be linked to  increased risk.of U pper 
gastro-intestinal carcinogenesis. It is concerning th e  w ay post-cholecystectom y  
patients are exposed to  this iatrogenic injury induced by bile reflux. Provoked 
by this w e  w en t on to  perform  out next study on th e  effects o f cholecystectom y  
on gastric and oesophageal mucosa at m olecular and histological level.
In our retrospective study w e com pared patients  w ho  had had a 
cholecystectom y from  one to  30 years previously w ith  patients diagnosed w ith  
gallstones w ho  w ere  aw aiting  surgery and also w ith  patients w ho  w ere  
confirm ed gallstone-free by ultrasonography. W e  exam ined th e  effects of 
cholecystectom y on th e  mucosa o f th e  stom ach and oesophagus using BRI as 
th e  histological m arker o f injury, along w ith  th e  m olecular m arkers p53 and Ki- 
67, a t th ree  anatom ical sites; gastric an trum , OGJ and 5cm above OGJ.
The BRI was elevated  a t all th ree  sites in post-cholecystectom y patients  
com pared w ith  patients pre-cholecystectom y and w ith  norm al controls. The  
severity o f b ile-induced histological changes was dem onstrated  by the presence  
and severity o f g landular atrophy, chronic in flam m ation , lam ina propria oedem a  
and foveo lar hyperplasia. These histological changes show the im plication o f
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duodeno-gastric reflux th a t develops ¡n patients w ith  history o f 
cholecystectom y, B arrett's and post-oesophago-gastrectom y. The step-w ise  
increase in th e  proportion  o f BRI-positive patients from  controls to  patients  
w ith  intact, dysfunctional/dyskinetic gallbladders to  those w ith  a rem ote  history  
of cholecystectom y was noted.
W e observed extensive expression o f Ki-67 at all th ree  sites in post­
cholecystectom y patients com pared to  th e  o th er tw o  groups. This expression 
o f Ki-67 indicates pro liferation  o f cells which occurs as a result o f b ile-induced  
in flam m ation  in th e  gastric and oesophageal mucosa. Proliferation o f cells is a 
com m on pre-neoplastic response to  chronic in flam m ation . This m ay be the  
reason w hy th e  expression o f Ki-67 is suppressed in th e  patients w ith  intact 
non-functional gallbladder w ith  gallstones. W hen the gallb ladder is rem oved  
th e  bile exposure o f gastric and oesophageal mucosa increases leading to  the  
chronic in flam m atory  changes which are expressed by th e  over-expression o f 
Ki-67 as years pass by a fte r cholecystectom y indicating cum ulative DGOR  
m ediated  cellu lar dam age.
Chronic in flam m ation , repetitive  cycles o f epithelia l regeneration  and aberran t 
grow th  lead to  over-expression o f Ki-67 and these changes activate p53 by post- 
translational m odifications, such as phosphorylation, in response to  cellu lar
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stress o r/an d  DNA dam age. The most com m on responses to  oncogenic stress 
induced by p53 are cell cycle arrest and DNA repair. If the  DNA dam age cannot 
be repaired, p53 induces apoptosis (408 , 409). The expression o f p53  
increased significantly in gallstone patients. There was a th ree -fo ld  over­
expression o f p53 at all 3 sampling locations (an trum , OGJ, distal oesophagus) in 
patients w ith  non-functional in tact gallbladders com pared w ith  controls. It 
m ay be due to  the effects o f loco-regional in flam m atory  response th a t these  
patients developed as m any o f th em  w ould  have been recruited to  th e  study on 
th e ir presentation w ith  acute cholecystitis. This over-expression at th e  gastric 
an trum  and OGJ rem ains high years a fte r th e  gallb ladder is rem oved, though  
not to  th e  same exten t at 5cm above OGJ.
It was unclear from  this retrospective study w h e th e r these findings w ere  tru ly
a ttrib u tab le  to  cholecystectom y or w h e th e r o ther environm ental factors could
have contribu ted  to  both conditions as it was an unpaired study. For this
reason w e perform ed a prospective study to  com pare subjects before and a fte r
cholecystectom y. There was an increase in our histological m easure o f DGOR-
m ediated  gastric antral and oesophago-gastric junctional mucosal dam age
directly a ttrib u tab le  to  cholecystectom y as expressed by increased BRI w ith in
one year o f cholecystectom y. Ki-67 expression mimics th e  retrospective study
and was suppressed in th e  acute setting (gallstone patients), but was m arkedly
upregulated in th e  first year post-cholecystectom y in the same patients,
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suggesting th a t b ile-induced p ro liferative  changes occur early in patients  post­
cholecystectom y. The p53 over-expression was seen p re-operative ly  in 
response to  acute in flam m ation  and though still present it seems to  start 
resolving in th e  first year fo llow ing rem oval o f the  gallbladder. As suggested by 
Andreas et al it is possible th a t positive p53 im m unostain ing p re-operative ly  in 
our patients is related to  accum ulation o f inactivated p53 protein  due to  
mucosal in flam m ation . This increase in p53 expression in these paired patients  
w hen fo llow ed  w ith in  one year o f cholecystectom y persists especially when  
com pared w ith  controls suggesting in itiation o f DNA dam age, repair and 
apoptosis. This trend  is clearly ev ident in th e  an trum  and OGJ. As seen in the  
retrospective unpaired study in th e  distal oesophagus th e  p53 levels are alm ost 
com parable to  controls post-operatively .
W hen  all groups are com pared across all studies it becom es clear th a t the  
changes at th e  an trum  are progressive from  controls, to  patients w ith  gallstones 
(some o f w hom  m ay have a non-functioning or poorly functioning gallbladder 
and w ho are probably refluxing bile), to  patients shortly post-cholecystectom y  
and to  patients w ho  are 30  years post-cholecystectom y. "Tim e heals all 
w ounds"; except those to  th e  mucosa caused by DGOR; in fact, tim e  (i.e. 
chronic bile exposure) makes it w orse. O ver-exposure to  bile leads to  
histological dam age which is best seen at th e  an trum  and OGJ and not at 5cm  
above OGJ(Figure 42).
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Control Pre-op cholecystectomy (paired) <1 year post-op cholecystectomy (paired) >1 year post-op cholecystectomy
Mean percentile BRI positivity at 3 anatomic locations in 3 patient cohorts(controls, hx of cholecystectomy and paired pre- and post-op cholecystectomy)
Figure 42 Incidence o f Bile reflux index at th e  gastric an trum , OGJ and 5cm  
above OGJ in Control group, pre-cholecystectom y patients, post­
cholecystectom y < 1 year patients (paired), post-cholecystectom y > 1 year 
patients.
Changes arise at m olecular level as a result o f bile-induced injury. These  
histological changes paralleled th e  findings at m olecular level as identified  by Ki~
67. The over-expression o f Ki-67 post-cholecystectom y, w ith in  one year and 
persisting up to  30 years post-cholecystectom y is concerning (Figure 43 ).
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<1 year post-op cholecystectomy
Control Pre-op cholecystectomy (paired) (paired) >1 year post-op cholecystectomy
Mean percentile Ki67 overexpression at 3 anatomic locations in 3 patient cohorts(controls, hx of cholecystectomy and paired pre- and post­op cholecystectomy)
Figure 43  Expression o f Ki-67 protein  at th e  gastric an trum , OGJ and 5cm above  
OGJ in control group, pre-cholecystectom y patients, < 1 year post­
cholecystectom y (paired) patients and > ly e a r  post cholecystectom y.
Cell pro liferation  has been reported  to  be one o f th e  first steps in the  
deve lo p m en t o f adenocarcinom a in B arrett's  oesophagus, and it can be induced  
by chronic cell dam age caused by gastro-oesophageal reflux(410). Proliferation  
o f tissue cells correlates w ith  th e  deve lo p m en t o f carcinom a by tu m o u r
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prom otion  and rate  o f random  m utations. The im m unohistochem istry  
identified  expression o f Ki-67 in B arrett's oesophagus has been found to  be 
enhanced in adenocarcinom a arising in B arrett's  oesophagus and in high degree  
dysplasia, less expressed in low  degree dysplasia and B arrett's oesophagus 
w ith o u t dysplasia(411). The cell pro liferation  index, as revealed by 
im m unohistochem istry tests fo r K i-67 (412-415 ), have been extensively reported  
in lite ra ture , w ith  the aim  of identifying th e  evolution o f B arrett's oesophagus  
to  adenocarcinom a (4 1 1 ,4 1 6 , 417 ).
The expression o f p53 w hen  com pared across all our studies shows a surge in 
pre-cholecystectom y gallstone patients, decreasing w ith in  one year o f 
cholecystectom y and then re-expressing in patients w ith  rem ote  history of 
cholecystectom y (Figure 44).
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Mean percentile p53 overexpression at 3 anatomic locations in 3 patient cohorts 
(controls, hx of cholecystectomy and paired pre~ and post-op cholecystectomy)
<1 year post-op cholecystectomy
Control Pre-op cholecystectomy (paired) (paired) >1 year post-op cholecystectomy
Figure 4 4  Expression o f p53 protein  at th e  gastric an trum , OGJ and 5cm above  
OGJ in control group, pre-cholecystectom y patients, < 1 year post­
cholecystectom y (paired) patients and > ly e a r  post cholecystectom y.
The sudden surge in p53 expression in p re -operative  gallstone patients may be 
th e  result o f accum m ulation o f inactivated p53 protein  as a result o f mucosal 
in flam m ation . The drop in p53 w ith in  one year o f cholecystectom y as 
com pared to  patients w ith  rem ote  history o f cholecystectom y can be explained  
by accum ulation o f w ild -type  p53 protein , probably due to  an acute  
in flam m atory  process which occurs as a result o f bile reflux. In flam m ation , DNA
dam age, and o th er cellu lar stresses can up-regulate  w ild -type  p53 protein  (223 , 
418 ). The w ild -type  p53 has a short half life in the cell and is usually present at 
levels below  th e  threshold o f detection  by im m unohistochem istry(419). Some 
p53 m utations can also produce a truncated  protein  th a t is not detectab le  by 
im m unoh is tochem istry (420-423). Increase in p53 expression is again noted in 
patients w ith  rem ote  history o f cholecystectom y as a result o f chronic 
in flam m ation . This late expression o f p53 in our patients w ith  a rem ote  history  
of cholecystectom y is also com patib le w ith  Craanen et al's study w ho  described  
an absence o f p53 expression in early benign gastric lesions(424). Flejou e t al 
identified  th a t p53 m utations occur relatively late in m etaplasia-dysplasia- 
neoplasia sequence in B arrett's  oesophagus (425). O ther studies have also 
dem onstrated  th a t positive rates o f p53 protein  expression w ere  gradually  
increased from  norm al to  reflux oesophagitis and fu rtherm o re  to  Barrett's  
m etaplasia and dysplasia(232, 4 2 5 ,4 2 6 ) . It has been shown th a t p53 protein  
accum ulation occurs beyond th e  stage o f chronic active gastritis and intestinal 
m etaplasia fo rm atio n (424 ). W e  have dem onstrated  sim ilar late over­
expression o f p53 in patients w ith  rem ote  history o f cholecystectom y w ho had 
increased exposure to  bile leading to  chronic in flam m atory  changes.
These changes in BRI, Ki-67 and p53 w ere  noted at th e  gastric an trum  and the
OGJ, but w ere  not rem arkably seen in the distal oesophagus (above th e  "high-
tid e  m ark"), suggesting th a t th e  attentions o f previous investigators at this
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location w ere  m isplaced, resulting in missed or delayed diagnosis o f DGOR- 
m ediated  injury. This is a significant finding suggesting th a t our traditional 
focus o f reflux changes at 5cm above th e  LOS(427) defin ing th e  presence or 
absence o f reflux m ay have been m isplaced. Reflux has trad itiona lly  been  
defined in term s o f th e  pH detected  by a pH probe placed 5 cm above the  
proxim al margin o f th e  low er oesophageal sphincter (LOS) (4 2 8 ,4 2 9 ). The 5 cm 
distance from  th e  LOS was adopted  to  ensure p lacem ent o f th e  tip  o f th e  pH 
probe w ith in  th e  oesophageal body, but sufficiently close to  the oesophago- 
gastric junction  to  reflect th e  degree o f re flux(430). The hope was th a t it w ould  
allow  detection  o f reflux events and avoids in adverten t advancem ent o f the  
probe into th e  stom ach during sw allow ing w hen  th e  oesophagus shortens. 
H ow ever, the  average length o f th e  low er oesophageal sphincter is 4  cm and 
thus th e  pH probe is placed approxim ate ly  7 cm above th e  distal margin o f the  
oesophagus. As a result, in an average oesophagus, which measures  
approxim ate ly  25 cm in length, th e  pH probe is located m ore closely to  the  m id ­
oesophagus than to  th e  end o f th e  distal oesophagus. W hile  adequate  fo r the  
assessment o f sym ptom atic  reflux, w here  acid reflux is th e  m ajor contribu to r to  
sym ptom s, current pH and Bilitec* probe findings m ay not reflect th e  true  
picture w hen studying th e  factors contributing  to  oncological change. In this 
context th e  most significant site to  assess the im pact o f duodeno-gastric reflux  
is at th e  gastric an trum  and OGJ w h ere  m ost mucosal injury occurs.
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The m ajority  o f patients  w ith  adenocarcinom a develop cancer at th e  low er 
oesophagus. Intestinal m etaplasia at th e  cardia has been reported  in 15-22%  o f 
dyspeptic patients w ith  endoscopically norm al low er oesophagus and is 
considered to  be a prem alignant co nd ition (431). Intestinal m etaplasia, which is 
a recognized pre-neoplastic lesion fo r adenocarcinom a in B arrett's oesophagus  
is a com m on finding in th e  mucosa adjacent to  cancer o f gastric card ia(432). It 
has been shown th a t early stage adenocarcinom a in B arrett's oesophagus and 
gastric cardia have very sim ilar epidem iologic, clinical and pathologic 
characteristics and m ay represent sam e disease(432). A no ther large study 
show ed an association be tw een  adenocarcinom a o f oesophagus and gastric 
cardia regardless o f th e  presence o f B arre tt's (433). There is increasing evidence  
th a t duodeno-gastric reflux is responsible fo r this change(434). W ith  the  
increasing incidence o f m ore proxim al gastric tum ours and also 
adenocarcinom a at OGJ, these findings raise serious concerns.
This series o f studies provided fu rth e r evidence th a t cholecystectom y induced  
bile reflux causes changes to  the gastric and oesophageal mucosa which may  
act as a precursor fo r gastric and oesophageal m alignant transform ation . The  
m olecu lar/ep igenetic  changes and early  carcinogenesis as shown by the  
increased expression o f p53 and Ki-67 th a t occur as a result o f cholecystectom y  
are  sim ilar to  those identified  as precursors o f B arrett's oesophagus which itself
is a m ajor risk factor fo r oesophageal adenocarcinom a.
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Iatrogenic DG O R-m ediated mucosal injury caused by cholecystectom y and its 
im plications for th e  projected fu tu re  incidence o f upper gastrointestinal 
tum origenesis raise serious concerns. Of note, th e  prevalence o f 
cholecystectom y in th e  population o f th e  state o f ontario  rose by 30% from  
1 9 8 9 -1 9 9 6 (4 3 5 ), w hile  th e  incidence o f oesophageal adenocarcinom a rose by 
4% year-on-year over the sam e tim e -p erio d , w ith  fu rth e r accelerated g row th - 
rate noted in th e  last decade(436). W h ile  rate-changes in cancer incidence 
always lags behind changes in population exposure-rates to  carcinogens, and 
w hile  th e  aetio logy o f adenocarcinom a is m ultifactoria l and involves m any  
environm ental causes (smoking, alcohol etc.), it m ust be extrapolated th a t 
cholecystectom y-induced DGOR may play at least some part in this increase.
These observations raise concerns about th e  long te rm  safety of 
cholecystectom y and support th e  decisions to  avoid cholecystectom y in 
patients w ith  gallstones w h ere  indications fo r th e  surgery are uncertain. It is 
im po rtan t fo r surgeons to  understand th e  changes brought about by 
cholecystectom y. It may be tim e  to  reconsider a lternatives to  cholecystectom y  
in patients w ith  gallstones in a functioning gallbladder. The ability to  m edically  
a lte r th e  concentration  and com position o f secreted bile to  reduce the  
lithogenic e lem ents  in patients w ith  a fam ily  history o f gallstones w ould also be 
a m ajor advance. W e  believe th a t th e  studies presented in this thesis have
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provided new  insights into th e  risk factors fo r upper g as tro in tes tin a l 
adenocarcinom as.
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19 . A W .  P e p t ic  e s o p h a g it is  (a  n e w  c l in ic a l  e n t i t y ) .  J o u r n a l  A m e r ic a n  M e d ic a l  
A s s o c ia t io n .  1 9 3 5 ;1 8 5 :9 0 6 - 9 .
2 0 .  P  A .  P e p t ic  u lc e r  o f  th e  o e s o p h a g u s .  J o u r n a l  T h o r a c ic  S u r g e ry .  1 9 4 6 ;1 5 :3 0 8 - 1 7 .
2 1 .  M o d l i n  I M  K M ,  L y e  K .  H is t o r i c a l  p e rs p e c t iv e s  o n  th e  t r e a tm e n t  o f  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e . G a s t r o in te s t in a l  c l in ic s  o f  N o r t h  A m e r ic a .  2 0 0 3 ;1 3 :1 9 - 5 5 .
2 2 .  N R  B .  C h r o n ic  p e p t ic  u lc e r  o f  th e  o e s o p h a g u s  a n d  " o e s o p h a g i t is " .  B r i t i s h  J o u rn a l 
o f  S u r g e ry .  1 9 5 0 ;3 8 ( 1 5 0 ) :  1 7 5 -8 2 .
2 3 . V a k i l  N  V Z S ,  K a h r i la s  P , D e n t  J, J o n e s  R .  T h e  M o n t r e a l  d e f in i t io n  a n d  
c la s s i f ic a t io n  o f  g a s tro e s o p h a g e a l r e f l u x  d is e a s e : a  g lo b a l  e v id e n c e - b a s e d  c o n s e n s u s . 
A m e r ic a n  J o u r n a l  G a s t r o e n te r o lo g y .  2 0 0 6 ;  1 0 1 (8 ) :  1 9 0 0 - 2 0 .
2 4 .  H o  K Y  K J ,  S e o w  A .  P r e v a le n c e  o f  g a s t r o in te s t in a l  s y m p to m s  in  a  m u l t i r a c ia l  
A s ia n  p o p u la t io n ,  w i t h  p a r t ic u la r  re fe re n c e  to  r e f l u x  t y p e  s y m p to m s .  A m e r ic a n  J o u rn a l 
o f  G a s t r o e n te r o lo g y .  1 9 9 8 ;9 3 :1 8 1 6 - 2 2 .
2 5 .  W o n g  W M  L K ,  L a m  K F .  P r e v a le n c e ,  c l i n i c a l  s p e c t ru m  a n d  h e a lth  c a re  
u t i l i z a t io n  o f  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e  in  a  C h in e s e  p o p u la t io n ;  a  p o p u la t io n  
b a s e d  s tu d y .  A l im e n t  P h a r m a c o l  T h e r .  2 0 0 3 ;1 8 :5 9 5 - 6 0 4 .
2 6 . M  K .  G a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e  in  n o r th w e s te r n  T a b r iz ,  I r a n .  In d ia n  
J o u r n a l  o f  G a s t r o e n te r o lo g y .  2 0 0 3 ;2 2 :1 3 8 - 9 .
2 7 . M o r a e s - F i lh o  J P  C D ,  E is ig  J N ,  H a s h im o to  C L ,  Z a te r k a  S . P r e v a le n c e  o f  
h e a r tb u rn  a n d  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e  in  U r b a n  B r a z i l ia n  p o p u la t io n .  A r q  
G a s t ro e n te ro l .  2 0 0 5 ;4 2 :1 2 2 - 7 .
2 8 . W o n g  B C  K Y .  S y s te m a t ic  r e v ie w  o n  e p id e m io lo g y  o f  g a s t ro - o e s o p h a g e a l r e f lu x  
d is e a s e  in  A s ia .  C l i n i c a l  G a s t r o e n te r o l  H e p a to l .  2 0 0 6 ;4 :3 9 8 - 4 0 7 .
2 9 . R a n ta n e n  T K  S E , R a s a n e n  J V ,  S a lo  J A .  G a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e  as a  
c a u s e  o f  d e a th  is  in c re a s in g :  a n a ly s is  o f  f a ta l  c a s e s  a f te r  m e d ic a l  a n d  s u r g ic a l  t r e a tm e n t .  
A m e r ic a n  J o u r n a l  o f  G a s t r o e n te r o lo g y .  2 0 0 7 ;1 0 2 :2 4 6 - 5 3 .
3 0 . L a g e r g r e n  J B R ,  L in d g r e n  A ,  N y r e n  O .  S y m p to m a t ic  g a s tro -o e s o p h a g e a l r e f lu x  
as a r i s k  f a c t o r  f o r  o e s o p h a g e a l a d e n o c a r c in o m a .  N e w  E n g la n d  J o u rn a l o f  M e d ic in e .  
1 9 9 9 ;3 4 0 ( 1 1 ) : 8 2 5 - 3 1.
3 1 . D e v e s a  S S  B W ,  F r a u m e n i J F . C h a n g in g  p a t te r n s  in  th e  in c id e n c e  o f  o e s o p h a g e a l 
a n d  g a s t r ic  a d e n o c a r c in o m a  in  U n i t e d  S ta te s . C a n c e r .  1 9 9 8 ;8 3 ( 1 0 ) :2 0 4 9 - 5 3 .
3 2 .  L o c k e  G R  r ,  T a l le y  N J ,  F e t t  S L ,  Z in s m e is te r  A R ,  M e l t o n  L J ,  3 rd .  P re v a le n c e  a n d  
c l in ic a l  s p e c t ru m  o f  g a s tro e s o p h a g e a l r e f lu x :  a  p o p u la t io n - b a s e d  s tu d y  in  O lm s te d  
C o u n ty ,  M in n e s o ta .  G a s t r e n te r o lo g y .  1 9 9 7 ;1 1 2 (5 ) :  1 4 4 8 -5 6 .
3 3 . N e b e l  O T  F M ,  C a s te l l  D O .  S y m p to m a t ic  g a s t ro - o e s o p h a g e a l r e f lu x :  in c id e n c e  
a n d  p r e c ip i t a t in g  fa c to rs .  A m  J D i g  D is .  19 7 6 ; 2 1 ( 1 1 ) :9 5 3 - 6 .
3 4 . V a e z i  M F ,  S in g h  S , R ic h t e r  J E . R o le  o f  a c id  a n d  d u o d e n o g a s t r ic  r e f l u x  in  
e s o p h a g e a l m u c o s a l  in ju r y :  a  r e v ie w  o f  a n im a l  a n d  h u m a n  s tu d ie s .  G a s t r o e n te r o lo g y .
1 9 9 5  J u n ; 1 0 8 (6 ) :  1 8 9 7 - 9 0 7 .
3 5 . D e M e e s te r  T R ,  W a n g  C l ,  W e r n ly  J A ,  P e l le g r in i  C A ,  L i t t l e  A G ,  K le m e n ts c h i t s c h  
P , e t  a l.  T e c h n iq u e ,  in d ic a t io n s ,  a n d  c l in ic a l  u s e  o f  2 4  h o u r  e s o p h a g e a l p H  m o n i t o r in g .  J 
T h o r a c  C a r d io v a s c  S u rg .  1 9 8 0  M a y ; 7 9 ( 5 ) : 6 5 6 - 7 0 .
3 6 . G o t le y  D C ,  M o r g a n  A P ,  B a l l  D ,  O w e n  R W ,  C o o p e r  M J .  C o m p o s i t io n  o f  g a s t ro -  
o e s o p h a g e a l r e f lu x a te .  G u t .  1 9 9 1  O c t ; 3 2 ( 1 0 ) : 1 0 9 3 - 9 .
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3 7 . F e r g u s o n  D J  S -P E , S a k o  Y ,  C la t w o r t h y  H W ,  T o o n  O W .  S tu d ie s  o n  e x p e r im e n ta l  
o e s o p h a g it is .  S u r g e ry .  1 9 5 0 ; 2 8 : 1 0 2 2 .
3 8 .  G o t le y  D C  B D ,  O w e n  R W ,  W i l l i a m s o n  R C ,  C o o p e r  M J .  E v a lu a t io n  a n d  s u r g ic a l  
c o r r e c t io n  o f  o e s o p h a g i t is  a f te r  p a r t ia l  g a s t re c to m y .  S u r g e ry .  1 9 9 2 ; 1 1 1 :2 9 -3 6 .
3 9 .  P e m ic e n i  T  V C ,  G a y e t  B ,  B e lg h i t i  J, F e k e te  F . T o t a l  d u o d e n a l d iv e r s io n  in  
p a t ie n ts  w i t h  p r e v io u s  g a s t r ic  s u rg e r y  H e p a to g a s t r o e n te r o lo g y .  1 9 9 1 ;3 8 :5 2 8 - 3 0 .
4 0 .  M a e ta  M  K S ,  S h im iz u  T ,  M a t s u i  K .  P o s s ib le  a s s o c ia t io n  b e tw e e n  g a s t r e c to m y  
a n d  s u b s e q u e n t d e v e lo p m e n t  o f  o e s o p h a g e a l c a n c e r .  J o u rn a l o f  S u r g ic a l  O n c o lo g y .  
1 9 9 0 ;4 4 :2 0 -4 .
4 1 .  S a lm in e n  J T  S J, T u o m in e n  J A ,  R a m o  O J , F a r k k i la  M ,  M a t i l l a  S P . p H  m e t r ic  
a n a ly s is  a f te r  s u c c e s s fu l a n t i r e f lu x  s u rg e r y ;  c o m p a r is o n  o f  2 4 - h r  p H  p r o f i le s  in  p a t ie n ts  
u n d e r g o in g  F lo p p y  F u n d o p l ic a t io n o r  R o u x - e n - Y  D u o d e n a l  d iv e r s io n .  J o u r n a l  o f  
G a s t r o in te s t in a l  S u r g e ry .  1 9 9 7 ;1 :4 9 4 -8 .
4 2 .  E d w a r d s  S J L T ,  L u n d e l l  L .  S y s te m a t ic  r e v ie w  o f  p r o to n  p u m p  in h ib i t o r s  f o r  th e
a c u te  t r e a tm e n t  o f  r e f l u x  o e s o p h a g it is  A l im e n t  P h a r m a c o l  T h e r .  2 0 0 1 ;1 5 :1 7 2 9 - 3 6 .
4 3 .  M a s c le e  A  A  d B A ,  d e  G r a a f  R ,  C lu y s e n a e r  O J ,  J a n s e n  J B .  A m b u la t o r y  2 4 - h r  p H -  
m e t r y  in  th e  d ia g n o s is  o f  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . D e te r m in a t io n  o f  c r i t e r ia  
a n d  r e la t io n  to  e n d o s c o p y .  S c a n d  J G a s t r o e n te r o l .  1 9 9 0 ;2 5 :2 2 5 - 3 0 .
4 4 .  N a s i  A  F J , Z i lb e r s t e in  B ,  C e c c o n e l lo  I ,  G a m a - R o d r ig u e s  JJ , P in o t t i  H W .  G a s t r o -  
o e s o p h a g e a l r e f l u x  d is e a s e : c l in ic a l ,  e n d o s c o p ic  a n d  in t r a lu m in a l  o e s o p h a g e a l p H  
m o n i t o r in g  e v a lu a t io n .  D is  E s o p h a g u s . 2 0 0 1 ;1 4 :4 1 - 9 .
4 5 .  G i l l i s o n  W  d V  N L ,  K u s a k a r i  K ,  B o m b e c k  T .  T h e  s ig n i f ic a n c e  o f  b i le  in  r e f lu x  
o e s o p h a g it is .  S u r g e r y  G y n a e c  O b s te t .  1 9 7 2 ;1 3 4 :4 1 9 - 2 4 .
4 6 .  M o f f a t  R C ,  B e r k a s  E M .  B i le  e s o p h a g it is .  A r c h  S u rg .  1 9 6 5  D e c ;9 1 ( 6 ) :9 6 3 - 6 .
4 7 .  C ro s s  F S  W O .  R o le  o f  b i le  a n d  p a n c re a t ic  j u i c e  in  th e  p r o d u c t io n  o f  o e s o p h a g e a l 
e ro s io n s  a n d  a n e m ia .  P r o c e e d in g s  o f  th e  s o c ie ty  f o r  e x p e r im e n ta l  B io lo g y  a n d  M e d ic in e .  
1 9 6 1 ;7 7 :8 6 2 - 6 .
4 8 .  M a r s h a l l  R E  A A ,  O w e n  W J .  B i l e  in  th e  o e s o p h a g u s :  c l in ic a l  re le v a n c e  a n d  
a m b u la to r y  d e te c t io n .  B r  J S u r g e ry .  1 9 9 7 ;8 4 :2 1 - 8 .
4 9 .  M e n g e s  M  M M ,  Z ie t z  M .  In c re a s e d  a c id  a n d  b i le  r e f l u x  in  B a r r e t t 's  o e s o p h a g u s  
c o m p a r e d  to  r e f l u x  o e s o p h a g it is  a n d  e f f e c t  o f  p r o to n  p u m p  in h ib i t o r  th e ra p y .  A m  J 
G a s t r o e n te r o l .  2 0 0 1 ;9 6 :3 3 1 - 7 .
5 0 . M a r t in e z  d e  H a r o  L  O A ,  P a r r i la  P , M u n i t i z  V ,  M o l i n a  J , B e r m e jo  J. I n te s t in a l  
m e ta p la ia  in  p a t ie n ts  w i t h  c o lu m n a r  l in e d  o e s o p h a g u s  a s s o c a ite d  w i t h  h ig h  le v e ls  o f  
d u o d e n o g a s to e s o p h a g e a l r e f lu x .  A n n  S u rg .  2 0 0 1 ;2 3 3 :3 4 - 8 .
5 1 . Z h a n g  F  S K ,  A l t o r k i  N ,  D a n n e n b e r g  A J .  D ih y d r o x y  b i le  a c id s  a c t iv a te  th e  
t r a n s c r ip t io n  o f  c y c lo o x y g e n a s e  2 . J B i o l  C h e m . 1 9 9 8 ;2 7 3 :2 4 2 4 - 8 .
5 2 . S h i r v a n i  V N  O - L R ,  K a u r  B S ,  O m a r y  M B ,  T r ia d a f i lo p o u lo s  G . C y c lo o x y g e n a s e  
2  e x p re s s io n  in  B a r re t t 's  o e s o p h a g u s  a n d  a d e n o c a r c in o m a :  E x - v i v o  in d u c t io n  b y  b i le  
s a lts  a n d  a c id  e x p o s u re .  G a s t r o e n te r o lo g y .  2 0 0 0 ;  1 1 8 :2 8 7 - 4 9 6 .
5 3 . J ia n g  M C  L C ,  L e e  P H .  A s p i r i n  in h ib i t s  m a t r i x  m e ta l lo p r o te in a s e - 2  a c t i v i t y ,  
in c re a s e s  E - c a d h e r in  p r o d u c t io n  a n d  in h ib i t s  in  v i t r o  in v a s io n  o f  t u m o u r  c e l ls .  B io c h e m  
B io p h y  R e s  C o m m u n .  2 0 0 1 ;2 8 2 :6 7 1 - 7 .
5 4 . D e m p k e  W  R C ,  G r o th e y  A ,  S c h m o l l  H J .  C y c lo o x y g e n a s e -2 :  a  n o v e l  ta rg e t  f o r  
c a n c e r  c h e m o th e ra p y .  J C a n c e r  R e s  C l i n  O n c o l .  2 0 0 1 ;  1 2 7 :4 1 1  -7 .
5 5 . L i l l e m o e  K D  JJ, H a r m o n  J W .  R o le  o f  th e  c o m p o n e n ts  o f  th e  g a s t ro d u o d e n a l 
c o n te n ts  in  e x p e r im e n ta l  a c id  o e s o p h a g it is .  S u r g e ry .  1 9 8 2 ;9 2 :2 7 6 - 8 4 .
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5 6 . K iv i la a k s o  E  F D ,  S i le n  W .  E f f e c t  o f  b i le  s a lts  a n d  re la te d  c o m p o u n d s  o n  is o la te d  
o e s o p h a g e a l m u c o s a .  S u r g e ry .  1 9 8 0 ;8 7 :2 8 0 - 5 .
5 7 . H a r m o n  J W  J L ,  M a y d o n o v i t c h  C L .  E f f e c t s  o f  a c id  a n d  b i le  s a lts  o n  th e  r a b b i t  
o e s o p h a g e a l m u c o s a .  D i g  D is  S e i.  1 9 8 1 ;2 6 :6 5 - 7 2 .
5 8 . S p iv e y  J R  B S ,  G o re s  G J . G ly c o c h e n o s e o x y c h o la te - in d u c e d  le th a l  h e p a to c e l lu la r  
i n ju r y  in  r a t  h e p a to c y te s .  R o le  o f  A T P  d e p le t io n  a n d  c y t o s o l ic  f r e e  c a lc iu m .  J C l in  
In v e s t .  1 9 9 3 ;9 2 :1 7 - 2 4 .
5 9 . R o lo  A  O P ,  M o r e n o  A ,  P a lm e ir a  C . C h e n o d e o x y c h o la te  is  a  p o te n t  in d u c e r  o f  
th e  p e r m e a b i l i t y  t r a n s i t io n  p o re  in  r a t  l i v e r  m i to c h o n d r ia .  B io s c i .  2 0 0 1 ;2 0 0 1 :7 3 - 8 0 .
6 0 . D a n c h e n k o  E  P H ,  C h i r k in  A ,  D a r g e l  R .  E f f e c t  o f  b i le  a c id s  o n  th e  p r o l i f e r a t i v e  
a c t i v i t y  a n d  a p o p to s is  o f  r a t  h e p a to c y te s .  E x p  T o x ic o l  P a th o l.  2 0 0 1 ;5 3 :2 2 7 - 3 3 .
6 1 . S z e n tp a l i  K  K J ,  T is z la v ie z  L ,  L a z a r  G ,  B a lo g h  A ,  B o r o s  M .  B i le  in d u c e d  
a d e n o s in e  t r ip h o s p h a te  d e p le t io n  a n d  m u c o s a l d a m a g e  d u r in g  r e f l u x  o e s o p h a g it is .  S c a n d  
J G a s t r o e n te r o l .  2 0 0 1 ;3 6 :4 5 9 - 6 6 .
6 2 .  J A  K .  T h e  o t o la r y n g o lo g ic  m a n ife s ta t io n s  o f  g a s tro e s o p h a g e a l r e f l u x  d is e a s e  
( G E R D ) :  a  c l i n i c a l  in v e s t ig a t io n  o f  2 2 5  p a t ie n ts  u s in g  a m b u la t o r y  2 4 - h o u r  p H  
m o n i t o r in g  a n d  a n  e x p e r im e n ta l  in v e s t ig a t io n  o f  th e  r o le  o f  a c id  a n d  p e p s in  in  th e  
d e v e lo p m e n t  o f  la r y n g e a l  in ju r y .  L a r y n g o s c o p e  1 9 9 1 ;1 0 1 :1 - 7 8 .
6 3 . M i t t a l  R K  H R ,  P e n a g in i  R ,  B la c k s h a w  L A ,  D e n t  J. T r a n s ie n t  lo w e r  o e s o p h a g e a l 
s p h in c te r  r e la x a t io n .  G a s t r o e n te r o lo g y .  1 9 9 5 ; 1 0 9 :6 0 1 - 1 0 .
6 4 . I T  B .  D e t e r m in a t io n  o f  a c id  s e n s i t iv i t y ,  m u c o s a l  d a m a g e  a n d  o e s o p h a g it is .  M o d  
T re a t .  1 9 7 0 ;7 :1 1 2 0 - 3 5 .
6 5 . D e n t  J . R e c e n t  v ie w s  o n  th e  p a th o g e n e s is  o f  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . 
B a i l l ie r e s  C l in  G a s t r o e n te r o l .  1 9 8 7  O c t ; l ( 4 ) : 7 2 7 - 4 5 .
6 6 .  M i t t a l  R K  B D .  T h e  o e s o p h a g o - g a s t r ic  j u n c t io n .  N e w  E n g la n d  J o u rn a l o f  
M e d ic in e .  1 9 9 7 ;3 3 6 :9 2 4 - 3 2 .
6 7 . D o d d s  W J  D J ,  H o g a n  W J .  M e c h a n is m s  o f  g a s t ro - o e s o p h a g e a l r e f lu x  in  p a t ie n ts  
w i t h  r e f l u x  o e s o p h a g it is .  N e w  E n g la n d  J o u rn a l o f  M e d ic in e .  1 9 8 2 ;3 0 7 :1 5 4 7 - 5 2 .
6 8 . M a r t in  C J ,  D o d d s  W J ,  L ie m  H H ,  D a n ta s  R O ,  la y m a n  R D ,  D e n t  J . D ia p h r a g m a t ic  
c o n t r ib u t io n  t o  g a s tro e s o p h a g e a l c o m p e te n c e  a n d  r e f l u x  in  d o g s .  A m  J P h y s io l .  1 9 9 2  
O c t ; 2 6 3 ( 4 P t  l ) : G 5 5 1 - 7 .
6 9 . H i l l  L D  K R ,  K r a e m e r  S J. T h e  g a s t ro - o e s o p h a g e a l f la p  v a lv e :  in  v i t r o  a n d  in  v i v o  
o b s e rv a t io n s .  G a s t r o in te s t  E n d o s c .  1 9 9 6 ;4 4 :5 4 1 - 7 .
7 0 . F J  I .  T h e  s p h in c te r  th a t  is  a  s p h in x .  N e w  E n g la n d  J o u r n a l  o f  M e d ic in e .  
1 9 7 1 ;2 8 4 :1 0 9 5 - 6 .
7 1 . D e n t  J D W ,  F r ie d m a n  R H .  M e c h a n is m  o f  g a s tro -o e s o p h a g e a l r e f l u x  in  
r e c u m b e n t  a s y m p to m a t ic  h u m a n  s u b je c ts .  J C l i n  In v e s t .  1 9 8 0 ;6 5 :2 5 6 - 6 7 .
7 2 . H e lm  J F  D W ,  P e lc  L R ,  P a lm e r  D W ,  H o g a n  W J ,  T e e te r  B C .  E fe c t  o f  o e s o p h a g e a l 
e m p t y in g  a n d  s a l iv a  o n  c le a ra n c e  o f  a c id  f r o m  o e s o p h a g u s .  N e w  E n g la n d  J o u rn a l o f  
M e d ic in e .  1 9 8 4 ;3 1 0 :2 8 4 - 8 .
7 3 . C W  H .  A p p r o p r ia t e  a c id  s u p p re s s io n  in  th e  t r e a tm e n t  o f  a c id  r e la te d  c o n d i t io n s .  
P h a r m a c o l T h e r .  1 9 9 4 ;6 3 :1 2 3 - 3 4 .
7 4 . B u c k le s  D C  S I ,  M c M i l l i n  C ,  M c C a l lu m  R W .  D e la y e d  g a s t r ic  e m p t y in g  in  
g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e : re a s s e s s m e n t w i t h  n e w  m e th o d s  a n d  s y m p to m a t ic  
c o r r e la t io n s .  A m e r ic a n  J o u r n a l  M e d ic a l  S c ie n c e .  2 0 0 4 ;3 2 7 :1 - 4 .
7 5 . H o l lo w a y  R H  H M ,  B e r g e r  K ,  M c C a l lu m  R W .  G a s t r ic  d is te n t io n :  a  m e c h a n is m  
f o r  p o s tp r a n d ia l  g a s t ro - o e s o p h a g e a l r e f lu x .  G a s t r o e n te r o lo g y .  1 9 8 5 ;8 9 :7 7 9 -8 4 .
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7 6 . J o n e s  M P  S S , R a b in e  J C , E b e r t  C C ,  H u a n g  C F ,  K a h r i la s  PJ. H ia t a l  H e r n ia  s iz e  is  
th e  d o m in a n t  d e te r m in a n t  o f  o e s o p h a g it is  p re s e n c e  a n d  s e v e r i t y  in  g a s tro -o e s o p h a g e a l 
r e f l u x  d is e a s e . A m e r ic a n  J o u r n a l  o f  G a s t r o e n te r o lo g y .  2 0 0 1  ; 9 6 : 1 7 1 1 -7 .
7 7 . S B .  G a s t ro - o e s o p h a g e a l s p h in c te r  p re s s u re ,  m o t i l i t y  a n d  a c id  c le a r in g .  A  s tu d y  
o f  h ia tu s  h e r n ia  p a t ie n ts  a n d  n o r m a l  s u b je c ts  a n d  o f  th e  e f f e c t  o f  a  m o d i f ie d  b e ls e y  M K  
I V  r e p a i r  o n  th e  r e s u lts  o f  th e  m a n o m e t r ic  a n d  a c id  c le a r in g  te s ts . S c a n d  J G a s t r o e n te r o l .  
1 9 7 7 ;1 2 :4 0 7 -1 6 .
7 8 . M i t t a l  R K  L R ,  M c C a l lu m  R W .  I d e n t i f i c a t io n  a n d  m e c h a n is m  o f  d e la y e d  
o e s o p h a g e a l a c id  c le a ra n c e  in  s u b je c ts  w i t h  h ia tu s  h e rn ia .  G a s t r o e n te r o lo g y .  
1 9 8 7 ;9 2 :1 3 0 -5 .
7 9 . S .N .S . G i la n i  B G ,  L e a d e r .  F , W a ls h .  T .N .  C o l l in s '  s ig n :  v a l id a t io n  o f  a  c l in ic a l  
s ig n  in  c h o le l i t h ia s is .  I r is h  J o u r n a l  o f  M e d ic a l  S c ie n c e ,  [ o r i g in a l ] ,  2 0 0 9 .
8 0 . J a z ra w i S , W a ls h ,  T .N . ,  B y r n e ,  P .J , H i l l ,  A . D . ,  L i ,  H . ,  L a w lo r ,  P ., H e n n e s s y ,  
T .P .J .  C h o le c y s te c to m y  a n d  g a s t ro - o e s o p h a g e a l r e f lu x :  a  p r o s p e c t iv e  e v a lu a t io n .  B r i t i s h  
J o u rn a l o f  S u r g e ry .  1 9 9 3 ( 8 0 ) :5 0 - 3 .
8 1 . S e d e f  K u r a n  E P , G u ld e n  A y d o g ,  S a b ite  K a c a r ,  N u r g u l  S a s m a z , A l i  O z d e n ,  
B u r h a n  S a h in .  B i l e  r e f l u x  in d e x  a f te r  t h e r a p e u t ic  b i l i a r y  p ro c e d u re s .  B M C  
G a s t r o e n te r o lo g y .  2 0 0 8 ;8 :1 - 7 .
8 2 . R i t c h ie  W P ,  J r .  A l k a l i n e  r e f lu x  g a s t r i t is .  L a te  r e s u lts  o n  a c o n t r o l le d  t r ia l  o f  
d ia g n o s is  a n d  t r e a tm e n t .  A n n  S u rg .  1 9 8 6  M a y ; 2 0 3 ( 5 ) : 5 3 7 - 4 4 .
8 3 . M a la g e la d a  J R , P h i l l i p s  S F , S h o r te r  R G ,  H ig g in s  J A ,  M a g r in a  C ,  v a n  H e e rd e n  
J A ,  e t  a l.  P o s to p e ra t iv e  r e f l u x  g a s t r i t is :  p a t h o p h y s io lo g y  a n d  lo n g - te r m  o u tc o m e  a f te r  
R o u x - e n - Y  d iv e r s io n .  A n n  I n te r n  M e d .  1 9 8 5  A u g ;  1 0 3 (2 ) :  1 7 8 -8 3 .
8 4 . D u p le s s is  D J .  P a th o g e n e s is  o f  G a s t r ic  U lc e r a t io n .  L a n c e t .  1 9 6 5  M a y  
8 ; l ( 7 3 9 3 ) : 9 7 4 - 8 .
8 5 . W a r s h a w  A L .  B i le  g a s t r i t is  w i t h o u t  p r io r  g a s t r ic  s u rg e r y :  c o n t r ib u t in g  r o le  o f  
c h o le c y s te c to m y .  A m  J S u rg .  1 9 7 9  A p r ; 1 3 7 ( 4 ) : 5 2 7 - 3 1 .
8 6 . D e M e e s te r  T R ,  F u c h s  K H ,  B a l l  C S ,  A lb e r t u c c i  M ,  S m y r k  T C ,  M a r c u s  J N .  
E x p e r im e n ta l  a n d  c l in ic a l  r e s u lts  w i t h  p r o x im a l  e n d - to - e n d  d u o d e n o je ju n o s to m y  f o r  
p a t h o lo g ic  d u o d e n o g a s t r ic  r e f lu x .  A n n  S u rg .  1 9 8 7  O c t ;2 0 6 ( 4 ) :4 1 4 - 2 6 .
8 7 . W e lc h  N T ,  Y a s u i  A ,  K i m  C B ,  B a r lo w  A P ,  H in d e r  R A ,  D e M e e s te r  T R ,  e t  a l.  
E f f e c t  o f  d u o d e n a l s w i t c h  p ro c e d u r e  o n  g a s t r ic  a c id  p r o d u c t io n ,  in t r a g a s t r ic  p H ,  g a s t r ic  
e m p ty in g ,  a n d  g a s t r o in te s t in a l  h o rm o n e s .  A m  J S u rg .  1 9 9 2  J a n ; 1 6 3 (1  ) : 3 7 - 4 4 ;  d is c u s s io n  
-5 .
8 8 . M a s o n  R J , B r e m n e r  C C .  G a s t r ic  e m p t y in g  a n d  a c id - o u t p u t  p a t te rn s  f o l l o w in g  a 
s u p r a p a p i l la r y  d u o d e n o je ju n o s to m y  r e c o n s t r u c t io n  w i t h  d i f f e r i n g  le n g th s  o f  th e  a f fe r e n t  
l im b  in  th e  b a b o o n .  A m  J S u rg .  1 9 9 4  M a r ; 1 6 7 ( 3 ) : 3 2 2 - 6 .
8 9 . S e a rs  R J , C h a m p io n  G L ,  R ic h t e r  J E . C h a r a c te r is t ic s  o f  d is ta l  p a r t ia l  g a s t r e c to m y  
p a t ie n ts  w i t h  e s o p h a g e a l s y m p to m s  o f  d u o d e n o g a s t r ic  r e f lu x .  A m ’J G a s t ro e n te ro l.  1 9 9 5  
F e b ; 9 0 ( 2 ) : 2 1 1 -5 .
9 0 .  J a z r a w i S W T ,  B y r n e  P J, H i l l  A D ,  L i  H ,  L a w lo r  P , H e n n e s s y  T P .  
C h o le c y s te c to m y  a n d  o e s o p h a g e a l p a th o lo y :  Is  th e re  a  l in k ?  I r is h  J o u rn a l o f  M e d ic a l  
S c ie n c e . 1 9 9 3 ;1 6 2 :2 0 9 - 1 2 .
9 1 . W a ls h  T N ,  J a z ra w i,S ,  B y r n e ,  P .J , L i ,  H ,  H e n n e s s y ,  T .P .J .  C h o le c y s te c to m y  a n d  
G a s tro - o e s o p h a g e a l r e f lu x .  B r i t i s h  J o u r n a l  o f  S u r g e ry .  1 9 9 1  ; 7 8 :7 5 3 .
9 2 . W a ls h  T N  R R . C h o le c y s te c to m y  a n d  g a l lb la d d e r  c o n s e r v a t io n .  B r  J S u r g e ry .  
1 9 9 2 ;7 9 :4 - 5 .
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9 3 . F o u n to s  A  C E ,  T s ia o u s s is  J , K a r k a v i t s a s  N ,  Z o r a s  O J , K a ts a m o u r is  A ,  X y n o s  E . 
D u o d e n o g a s t r ic  r e f l u x  a f te r  b i l i a r y  s u rg e r y :  s c in t ig r a p h ic  q u a n t i f ic a t io n  a n d  
im p r o v e m e n t  w i t h  e r y t h r o m y c in .  A N Z j  S u rg .  2 0 0 3 ( 7 3 ) :4 0 0 - 3 .
9 4 .  N o g i  K ,  H a r u m a  K ,  T a n ig u c h i  H ,  Y o m o t a  E , O k a j im a  M ,  H a n a n o k i  M ,  e t  a l.  
D u o d e n o g a s t r ic  r e f l u x  f o l l o w in g  c h o le c y s te c to m y  in  th e  d o g :  r o le  o f  a n t ro d u o d e n a l 
m o t o r  f u n c t io n .  A l i m e n t  P h a r m a c o l  T h e r .  2 0 0 1  A u g ; l  5 ( 8 ) :  1 2 3 3 -8 .
9 5 . S e d e f  K u r a n  E P ,  G u ld e n  A y d o g ,  S a b ite  K a c a r ,  N u r g u l  S a s m a z , A l i  O z d e n ,  
B u r h a n  S a h in .  B i l e  r e f l u x  in d e x  a f te r  t h e r a p e u t ic  b i l i a r y  p ro c e d u re s .  B M C  
G a s t r o e n te r o lo g y .  2 0 0 8 ;  8 :4 .
9 6 .  S io c h i r o  Y a m a m o to  H M ,  H id e o  S h im a d a ,  O s a m u  C h in o ,  T a k a y u k i  N is h i ,  
Y o s h i f u m i  K is e ,  T a k a h ir o  K e n m o c h i ,  T a d a s h i H a r a .  C l i n i c a l  a n a ly s is  o f  r e f lu x  
o e s o p h a g it is  f o l l o w in g  o e s o p h a g e c to m y  w i t h  g a s t r ic  tu b e  r e c o n s t r u c t io n .  J 
G a s t ro e n te ro l.  2 0 0 7 ;4 2 :3 4 2 - 5 .
9 7 . M i l l e r  M C .  C h o le l i t h ia s is  d e v e lo p in g  a f te r  v a g o to m y :  a  p r e l im in a r y  r e p o r t .  C a n  
M e d  A s s o c  J. 1 9 6 8  F e b  1 7 ; 9 8 ( 7 ) :3 5 0 - 4 .
9 8 . C la v e  R A ,  G a s p a r  M R .  In c id e n c e  o f  g a l lb la d d e r  d is e a s e  a f te r  v a g o to m y .  A m  J 
S u rg .  1 9 6 9  A u g ;  1 1 8 (2 ) :  1 6 9 -7 6 .
9 9 . Y o s h in o  K .  [ H is t o r y  o f  g a s t r ic  c a n c e r  s u r g e r y ] .  N ih o n  G e k a  G a k k a i  Z a s s h i.  2 0 0 0  
D e c ;1 0 1 ( 1 2 ) :8 5 5 - 6 0 .
1 0 0 . W e i l  P H ,  B u c h b e r g e r  R .  F r o m  B i l l r o t h  to  P C V :  a  c e n tu r y  o f  g a s t r ic  s u rg e r y .  
W o r ld  J S u rg .  1 9 9 9  J u l ;2 3 ( 7 ) :7 3 6 - 4 2 .
1 0 1 . S v e n s s o n  J O ,  K o c k  N G .  In te s t in a l  in tu s s u s c e p t io n  v a lv e  f o r  p r e v e n t io n  o f  
d u o d e n o g a s t r ic  r e f l u x  a f te r  p a r t ia l  g a s t r e c to m y .  A n  e x p e r im e n ta l  s tu d y  in  d o g s .  A c t a  
C h i r S c a n d .  1 9 8 0 ; I 4 6 ( 7 ) : 5 1 1 -8 .
1 0 2 . P a a k k o n e n  M ,  A u k e e  S , S y r ja n e n  K ,  M a n t y ja r v i  R .  G a s t r i t is ,  d u o d e n o g a s t r ic  
r e f lu x  a n d  b a c t e r io lo g y  o f  th e  g a s t r ic  r e m n a n t  in  p a t ie n ts  o p e ra te d  f o r  p e p t ic  u lc e r  b y  
B i l l r o t h  I  o p e r a t io n .  A n n  C l in  R e s . 1 9 8 5 ; 1 7 (1  ) :3 2 - 6 .
1 0 3 . K a r lq v i s t  P A ,  N o r r b y  K ,  S v e d b e rg  J , S jo d a h l  R .  E n te r o g a s t r ic  r e f l u x  a f te r  g a s t r ic  
s u rg e ry .  A  c o m p a r is o n  b e tw e e n  g a s t r o d u o d e n o s to m y  a n d  R o u x  d iv e r s io n .  S c a n d  J  
G a s t ro e n te ro l .  1 9 8 5  S e p ;2 0 ( 7 ) :8 6 1 - 7 .
1 0 4 . R o m e r o  Y  C A ,  L o c k e  G R .  F a m i l ia l  a g g r e g a t io n  o f  g a s t ro - o e s o p h a g e a l r e f l u x  in  
p a t ie n ts  w i t h  B a r re t t 's  o e s o p h a g u s  a n d  o e s o p h a g e a l a d e n o c a r c in o m a .  G a s t r o e n te r o lo g y .
1 9 9 7 ; 1 1 3 (5 ) :  1 4 4 9  -  5 6 .
1 0 5 . T r u d g i l l  N J  K K ,  R i le y  S A .  F a m i l ia l  c lu s te r in g  o f  r e f l u x  s y m p to m s .  
G a s t r o e n te r o lo g y .  19 9 9 ;9 4 ( 5 ) :  1 1 7 2 -8 .
1 0 6 . C a m e r o n  A J  L J ,  H e n r ik s s o n  C , N y r e n  O ,  L o c k e  G R ,  P e d e rs o n  N L .  G a s t r o -  
o e s o p h a g e a l r e f l u x  d is e a s e  in  m o n o z y g o t ic  a n d  d iz y g o t ic  t w in s .  G a s t r o e n te r o lo g y .  
2 0 0 2 ; 1 2 2 ( l ) : 5 5 - 9 .
1 0 7 . M o h a m m e d  I C L ,  R i l e y  S A ,  S p e c to r  T D ,  T r u d g i l l  N J .  G e n e t ic  in f lu e n c e s  in  
g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e : a  t w in  s tu d y .  G u t .  2 0 0 3 ;5 2 ( 8 ) :  1 0 8 5 -9 .
1 0 8 . K u s k o w s k a  W o l k  A  B R .  T re n d s  in  b o d y  m a s s  in d e x  a n d  p r e v a le n c e  o f  o b e s i ty  in  
S w e d is h  w o m e n  1 9 8 0 - 8 9 .  J E p id e m io l  C o m m u n i t y  H e a lth .  1 9 9 3 ;4 7 ( 2 ) :1 0 3 - 8 .
1 0 9 . W H O / N U T / N C D .  O b e s i ty :  p r e v e n t in g  a n d  m a n a g in g  th e  g lo b a l  e p id e m ic .  
R e p o r t  o f  a  W H O  c o n s u l ta t io n  o n  o b e s i ty .  G e n e v a :  W o r ld  H e a l th  O r g a n iz a t io n .  1 9 9 8 .
1 1 0 . M i d t h j e l l  K  IC O , H o lm e n  J. R a p id  c h a n g e s  in  th e  p re v a le n c e  o f  o b e s i ty  a n d  
k n o w n  d ia b e te s  in  a n  a d u l t  N o r w e g ia n  p o p u la t io n .  T h e  N o r d - T r o n d e la g  H e a l th  S u rv e y s :  
1 9 8 4 - 1 9 8 6  a n d  1 9 9 5 - 1 9 9 7 .  D ia b e te s  C a re .  1 9 9 9 ;2 2 ( 1 1 ): 1 8 1 3 -2 0 .
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1 1 1 . N i ls s o n  M  J R , Y e  W ,  H v e e m  K ,  L a g e r g r e n  J. O b e s i ty  a n d  o e s tro g e n  as r is k  
fa c to r s  f o r  g a s t ro -o e s o p h a g e a l r e f l u x  s y m p to m s  J a m a . 2 0 0 3 ;2 9 0 :6 6 - 7 2 .
1 1 2 . J a c b s o n  B C  S S , F u c h s  C S ,  K e l l y  C P , C a m a r g o  C A .  B o d y  M a s s  In d e x  a n d  
s y m p to m s  o f  g a s t ro - o e s o p h a g e a l r e f l u x  in  w o m e n .  N e w  E n g la n d  J o u r n a l  o f  M e d ic in e .  
2 0 0 6 ;3 5 4 :2 3 4 0 - 8 .
1 1 3 . H a m p e l  H  A N ,  E l- s e r a g  H B .  M e ta - a n a ly s is :  o b e s i ty  a n d  th e  r i s k  f o r  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e  a n d  i t s  c o m p l ic a t io n s .  A n n  In te r n a l  M e d .  2 0 0 5 ;1 4 3 :1 9 9 - 2 1 1 .
1 1 4 . Is o J a u r i J  L P .  P re v a le n c e  o f  s y m p to m s  s u g g e s t iv e  o f  g a s t ro - o e s o p h a g e a l r e f l u x  
d is e a s e  in  a n  a d u l t  p o p u la t io n .  A n n  M e d .  1 9 9 5 ; 2 7 ( l ) : 6 7 - 7 0 .
1 1 5 . M u r r a y  L  J B ,  L a n e  A ,  H a r v e y  I ,  D o n o v a n  J , N a i r  P , H a r v e y  R .  R e la t io n s h ip  
b e tw e e n  b o d y  m a s s  in d e x  a n d  g a s t ro - o e s o p h a g e a l r e f l u x  s y m p to m s :  T h e  B r i s t o l  
H e l ic o p te r  P r o je c t .  I n t  J E p id e m io l .  2 0 0 3 ;3 2 :6 4 5 - 5 0 .
1 1 6 . L o c k e  G R  T N ,  F e t t  S L ,  Z in s m e is te r  A R ,  M e l t o n  L J .  R is k  fa c to r s  a s s o c ia te d  w i t h  
s y m p to m s  o f  g a s t ro - o e s o p h a g e a l r e f lu x .  A m e r ic a n  J o u r n a l  M e d ic a l  S c ie n c e .  
1 9 9 9 ;4 7 :2 6 - 9 .
1 1 7 . R u h l  C E  E J . O v e r w e ig h t ,  b u t  n o t  h ig h  d ie t a r y  f a t  in ta k e ,  in c re a s e s  r i s k  o f  g a s t r o -  
o e s o p h a g e a l r e f l u x  d is e a s e  h o s p i ta l iz a t io n :  th e  N H A N E S  I  E p id e m io lo g ic  F o l lo w u p  
S tu d y .  F i r s t  N a t io n a l  H e a l th  a n d  N u t r i t i o n  E x a m in a t io n  S u r v e y .  A n n  E p id e m io l .  
1 9 9 9 ;9 :4 2 4 - 3 5 .
1 1 8 . W i ls o n  L J  M W ,  H i r s c h o w i t z  B I .  A s s o c ia t io n  o f  o b e s i ty  w i t h  h ia ta l  h e r n ia  a n d  
o e s o p h a g it is .  A m e r ic a n  J o u r n a l  o f  G a s t r o e n te r o lo g y .  1 9 9 9 ;9 4 :2 8 4 0 - 4 .
1 1 9 . S te n e -L a r s e n  G  W R ,  F r o y s h o v  L a rs e n  I ,  B j o r t u f i  O ,  H o e l  B ,  B e s ta d  A .  
R e la t io n s h ip  o f  o v e r w e ig h t  to  h is tu s  h e rn ia .  S c a n d  J G a s t ro e n te ro l .  1 9 8 8 ;2 3 :4 2 7 -3 2 .
1 2 0 . V a n  T h ie l  D H  W A .  E v id e n c e  r e f u t in g  a  r o le  f o r  in c re a s e d  a b d o m in a l  p re s s u re  in  
th e  p a th o g e n e s is  o f  th e  h e a r tb u rn  a s s o c ia te d  w i t h  p r e g n a n c y .  A m  J O b s te t  G y n e c o l .  
1 9 8 1 ;1 4 0 :4 2 0 - 2 .
1 2 1 . D a y  J P  R J . M e d ic a l  a n d  S u r g ic a l  c o n d i t io n s  p r e d is p o s in g  to  g a s t ro -o e s o p h a g e a l 
r e f l u x  d is e a s e . G a s t r o e n te r o lo g y  C l in  N o r th  A m .  1 9 9 0 ;1 9 :5 8 7 - 6 0 7 .
1 2 2 . L d p  C .  R e f lu x  o e s o p h a g it is  as th e  c a u s e  o f  h e a r tb u r n  in  p r e g n a n c y .  A m  J O b s te t  
G y n e c o l .  1 9 6 7 ;2 4 :6 4 - 7 0 .
1 2 3 . H e y  V M  C D ,  G a n g u l i  P C , S k in n e r  L D ,  O s t ic k  D G ,  S h a rp  D S .  G a s t ro -  
o e s o p h a g e a l r e f l u x  in  la te  p r e g n a n c y .  A n a e s th e s ia .  1 9 7 7 ;3 2 :3 7 2 - 7 .
1 2 4 . N i ls s o n  M  L G ,  C a r l in g  L ,  Y e  W ,  L a g e r g r e n  J . B o d y  m a s s  a n d  r e f lu x  
o e s o p h a g it is :  a n  o e s t ro g e n -d e p e n d e n t  a s s o c ia t io n ?  S c a n d  J G a s t ro e n te ro l.  
2 0 0 2 ;2 0 0 2 :6 2 6 - 3 0 .
1 2 5 . S a n d e rs  K M  W S .  N i t r i c  o x id e  as a  m e d ia to r  o f  n o n a d r e n e rg e n ic  n o n c h o l in e r g ic  
n e u r o t r a n s m is s io n .  A m  J P h y s io l .  1 9 9 2 ;2 6 2 :3 7 9 - 9 2 .
1 2 6 . H i r s c h  D P  H R ,  T y tg a t  G N ,  B o e c k x s ta e n s  G E .  I n v o lv e m e n t  o f  n i t r i c  o x id e  in  
h u m a n  t r a n s ie n t  lo w e r  o e s o p h a g e a l s p h in c te r  r e la x a t io n s  a n d  o e s o p h a g e a l p r im a r y  
p e r is ta ls is .  G a s t r o e n te r o lo g y .  1 9 9 8 ;1 1 5 :1 3 7 4 - 8 0 .
1 2 7 . K a h r i la s  P J G R .  M e c h a n is m s  o f  a c id  r e f l u x  a s s o c ia te d  w i t h  C ig a r e t te  s m o k in g .  
G u t .  1 9 9 0 ;3 1 :4 - 1 0 .
1 2 8 . W a r in g  J P  E T ,  A u s t in  J M ,  S a n o w s k i  R A .  T h e  im m e d ia te  e f fe c ts  o f  c e s s a t io n  o f  
c ig a r e t te  s m o k in g  o n  g a s t ro - o e s o p h a g e a l r e f lu x .  A m  J G a s t r o e n t e r o l  1 9 8 9 ;8 4 :1 0 7 6 - 8 .
1 2 9 . S o n ta g  S J S T , M i l l e r  T Q ,  N e m c h a u s k y  B ,  S e r lo v s k y  R ,  O ’C o n n e l l  S , C h e j fe c  G ,  
S e id e l U J ,  B r a n d  L .  T h e  im p o r ta n c e  o f  h ia ta l  h e r n ia  in  r e f l u x  o e s o p h a g it is  c o m p a r e d
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w i t h  lo w e r  o e s o p h a g e a l s p h in c te r  p re s s u re  o r  s m o k in g .  J C l i n  G a s t r o e n te r o l .  
1 9 9 1 ;1 3 :6 2 8 -4 3 .
1 3 0 . K a d a k ia  S C  K J ,  M a y d o n o v i t c h  C , J o h n s o n  L F .  E f f e c t  o f  c ig a r e t te  s m o k in g  o n  
g a s t ro - o e s o p h a g e a l r e f l u x  m e a s u re d  b y  2 4 - h  a m b u la t o r y  o e s o p h a g e a l p H  m o n i t o r in g  
A m  J G a s t r o e n te r o l .  1 9 9 5 ;9 0 :1 7 8 5 - 9 0 .
1 3 1 . P a n d o l f in o  J E  K P ,  S m o k in g  a n d  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . E u r  J 
G a s t r o e n te r o l  H e p a to l .  2 0 0 0 ;1 2 :8 3 7 - 4 2 .
1 3 2 . K a u fm a n  S E  K M .  I n d u c t io n  o f  g a s t ro - o e s o p h a g a l r e f l u x  b y  a lc o h o l .  G u t .  
1 9 7 8 ;1 9 :3 3 6 -8 .
1 3 3 . G r a n d e  L  M C ,  R o s  E ,  L a c im a  G ,  P e ra  C . E f fe c ts  o f  r e d  w in e  o n  2 4 - h o u r  
o e s o p h a g e a l p H  a n d  p re s s u re s  in  h e a l th y  v o lu n te e r s  D i g  D is  S c i.  19 9 7 ; 4 2 : 1 1 8 9 -9 3 .
1 3 4 . L  B .  T h e  e f fe c ts  o f  a lc o h o l  c o n s u m p t io n  u p o n  th e  g a s t r o in te s t in a l  t r a c t .  A m  J 
G a s t ro e n te ro l .  2 0 0 0 ;9 5 :3 3 7 4 - 8 2 .
1 3 5 . T e r r y  P  L J ,  Y e  W ,  W o lk  A ,  N y r e n  O .  In v e rs e  a s s o c ia t io n  b e tw e e n  in ta k e  o f  
c e re a l f ib e r  a n d  r is k  o f  g a s t r ic  c a r d ia  c a n c e r .  G a s t r o e n te r o lo g y .  2 0 0 1 ;1 2 0 :3 8 7 - 9 1 .
1 3 6 . M a y n e  S T  N S .  D ie t ,  o b e s i ty  a n d  r e f l u x  in  th e  e t io lo g y  o f  a d e n o c a r c in o m a  o f  th e  
o e s o p h a g u s  a n d  g a s t r ic  c a rd ia  in  h u m a n s .  J N u t r .  2 0 0 2 ;1 3 2 :3 4 6 7 - 7 0 .
1 3 7 . M o l l e r  M E  D R ,  B o c k m a n  O C .  A  p o s s ib le  r o le  o f  th e  d ie ta r y  f ib r e  p r o d u c t ,  w h e a t  
b ra n ,  as n i t r a te  s c a v e n g e r .  F o o d  C h e m  T o x ic o l .  1 9 8 8 ;2 6 :8 4 1 - 5 .
1 3 8 . T e r r y  P L J ,  Y e  W ,  W o l k  A ,  N y r e n  O .  F r u i t  a n d  v e g e ta b le  c o n s u m p t io n  in  th e  
p r e v e n t io n  o f  o e s o p h a g e a l a n d  c a rd ia  c a n c e rs . E u r  J C a n c e r  P re v .  2 0 0 1 ;1 0 :3 6 5 - 9 .
1 3 9 . P o h le  T  D W .  R e s u lts  o f  s h o r t  a n d  lo n g  te r m  m e d ic a l  t r e a tm e n t  o f  g a s t ro -  
o e s o p h a g e a l r e f lu x  d is e a s e . L a n g e n b e c k s  A r c h  S u rg .  2 0 0 0 ;3 8 5 :3 1 7 - 2 3 .
1 4 0 . H u a n g  J Q  H R .  p H ,  h e a l in g  ra te  a n d  s y m p to m  r e l i e f  in  p a t ie n ts  w i t h  G E R D .  Y a le  
J B io l  M e d .  1 9 9 9 ;7 2 :1 8 1 -9 4 .
1 4 1 . C h a n g  C S  P S , L ie n  H C ,  C h e n  G H .  T h e  in c id e n c e  o f  r e f l u x  o e s o p h a g it is  a m o n g  
th e  C h in e s e . A m  J G a s t r o e n te r o l .  1 9 9 7 ;9 2 :6 6 8 -7 1 .
1 4 2 . J E  E . R e c e n t  d e v e lo p m e n ts  in  th e  e p id e m io lo g y  o f  H e l ic o b a c te r  P y lo r i .  
G a s t r o e n te r o l  C l i n  N o r t h  A m .  2 0 0 0 ;2 9 :5 5 9 - 7 8 .
1 4 3 . E v e r h a r t  J E  K - M D ,  P e r e z -P e re z  G I ,  T r a lk a  T S ,  M c Q u i l la n  G .  S e r o p re v a le n c e  
a n d  e th n ic  d i f fe r e n c e s  in  H e l ic o b a c te r  p y lo r i  in f e c t io n  a m o n g  a d u lts  in  th e  U n i t e d  S ta te s . 
J I n f e c t  D is .  2 0 0 0 ;1 8 :1 3 5 9 - 6 3 .
1 4 4 . T a y lo r  D  P J . E p id e m io lo g y  a n d  n a tu r a l  h is t o r y  o f  H .  p y lo r i  in fe c t io n s .  I n f e c t io n s  
o f  g a s t r o in te s t in a l  t r a c t ,  N e w  Y o r k ,  N Y .  R a v e n  P re s s . 1 9 9 5 .
1 4 5 . H a q u e  M  W J ,  S ta c e  N H ,  T a l le y  N J ,  G re e n  R . P r e v a le n c e ,  s e v e r i t y  a n d  a s s o c ia te d  
fe a tu re s  o f  g a s tro -o e s o p h a g e a l r e f l u x  a n d  d y s p e p s ia :  a  p o p u la t io n  b a s e d  s tu d y .  N  Z  M e d  
J. 2 0 0 0 ;1 1 3 :1 7 8 - 8 1 .
1 4 6 . T a l le y  N J  H G ,  A g r e u s  L ,  J o n e s  M .  G a s t r o in te s t in a l  s y m p to m s  a n d  s u b je c ts  
c lu s te r  in to  d is t in c t  u p p e r  a n d  lo w e r  g r o u p in g s  in  th e  c o m m u n i t y :  a  f o u r  n a t io n s  s tu d y .  
A m  J G a s t r o e n te r o l .  2 0 0 0 ;9 5 :1 4 3 9 - 4 7 .
1 4 7 . S ta c h e r  G  S C , S te in r in e r  H ,  H o lz a p f e l  A ,  G a u p m a n n  G ,  S ta c h e r - J a n o t ta  G . 
E f fe c ts  o f  3 d a y s  in ta k e  o f  s u s ta in e d  re le a s e  p r e p a r a t io n  o f  th e  n i t r i c  o x id e  d o n o r ,  
is o s o r b id e  d in i t r a t e ,  o n  o e s o p h a g e a l m o t i l i t y .  A l i m e n t  P h a r m a c o l T h e r .  1 9 9 7 ; 1 1 :9 6 7 - 7 1 .
1 4 8 . W o n g  R K  M C ,  G r a c ia  J E , J o h n s o n  L F ,  C a s te l l  D O .  T h e  e f f e c t  o f  t e r b u ta l in e  
s u lp h a te ,  n i t r o g ly c e r in  a n d  a m in o p h y l l in e  o n  lo w e r  o e s o p h a g e a l s p h in c te r  p re s s u re  a n d  
r a d io n u c l id e  o e s o p h a g e a l e m p t y in g  in  p a t ie n ts  w i t h  a c h a la s ia .  J C l i n  G a s t r o e n te r o l .  
1 9 8 7 ;1 9 8 7 :3 8 6 - 9 .
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1 4 9 . A g g e s t r u p  S J S . E f fe c ts  o f  p i r e n z e p in e  a n d  a t r o p in e  o n  lo w e r  o e s o p h a g e a l 
p re s s u re  a n d  g a s t r ic  a c id  s e c re t io n  in  m a n :  a  p la c e b o  c o n t r o l le d  r a n d o m iz e d  s tu d y .  D ig  
D is  1 9 9 1 ;9 :3 6 0 -4 .
1 5 0 . G e l f o n d  M  R P , G i la t  T .  Is o s o rb id e  d in i t r a t e  a n d  n i f e d ip in e  t r e a tm e n t  o f  
a c h a la s ia :  a  c l in ic a l ,  m a n o m e t r ic  a n d  r a d io n u c l id e  e v a lu a t io n .  G a s t r o e n te r o lo g y .  
1 9 8 2 ;8 3 :9 6 3 - 9 .
1 5 1 . Y e  W  C W ,  L a g e r g r e n  J , B o f f e t t a  P , B o m a n  G ,  A d a m i  H O ,  N y r e n  O . R is k  o f  
a d e n o c a r c in o m a  o f  th e  o e s o p h a g u s  a n d  g a s t r ic  c a r d ia  in  p a t ie n ts  h o s p i ta l iz e d  f o r  a s th m a . 
B r J  C a n c e r .  2 0 0 1 ;8 5 :1 3 1 7 - 2 1 .
1 5 2 . E l- S e r a g  H B  S A .  A s s o c ia t io n  o f  o e s o p h a g it is  a n d  o e s o p h a g e a l s t r ic tu r e s  w i t h  
d is e a s e s  t r e a te d  w i t h  n o n  s te ro id a l a n t i - in f la m m a t o r y  d ru g s .  A m  J G a s t ro e n te ro l.  
1 9 9 7 ;9 2 :5 2 -6 .
1 5 3 . K a m o lz  T  V V .  P s y c h o lo g ic a l  a n d  e m o t io n a l  a s p e c ts  o f  g a s tro -o e s o p h a g e a l r e f l u x  
d is e a s e . D is  E s o p h a g u s .  2 0 0 2 ;1 5 :1 9 9 - 2 0 3 .
1 5 4 . B r a d le y  L A  R J , P u l l ia m  T J ,  H a i le  J M ,  S c a r in c i  I C ,  S c h a n  C A ,  D a l to n  C B ,  S a l le y  
A N .  T h e  r e la t io n s h ip  b e tw e e n  s tre s s  a n d  s y m p to m s  o f  g a s t ro - o e s o p h a g e a l r e f lu x :  th e  
in f lu e n c e  o f  p s y c h o lo g ic a l  fa c to rs .  A m  J G a s t r o e n te r o l .  1 9 9 3 ;8 8 :1 1 1 -9 .
1 5 5 . J o h n s to n  B T  L S ,  L o v e  A H .  S tre s s , p e r s o n a l i t y  a n d  s o c ia l  s u p p o r t  in  g a s t r o -  
o e s o p h a g e a l r e f l u x  d is e a s e . J  P s y c o s o m  R e s . 1 9 9 5 ;3 9 :2 2 1 - 6 .
1 5 6 . J o h n s to n  B T  L S ,  L o v e  A H .  P s y c h o lo g ic a l  fa c to r s  in  g a s tro -o e s o p h a g e a l r e f l u x  
d is e a s e . G u t .  1 9 9 5 ;3 6 :4 8 1 - 2 .
1 5 7 . L u n d e l l  L R  D J ,  B e n n e t t  J R , B lu m  A L ,  A r m s t r o n g  D ,  G a lm ic h e  J P . E n d o s c o p ic  
a s s e s s m e n t o f  o e s o p h a g it is :  c l in ic a l  a n d  f u n c t io n a l  c o r r e la te s  a n d  fu r t h e r  v a l id a t io n  o f  
th e  L o s  A n g e le s  c la s s i f ic a t io n .  G u t .  1 9 9 9 ; 4 5 : 1 1 9 -2 5 .
1 5 8 . S a v a r y  M  M G .  L 'o e s o p h a g e .  M a n u e l  e t  A t la s  d 'e n d o s c p ie .  G a s s m a n n  V e r lo g .  
1 9 7 7 .
1 5 9 . D e n t  J B J ,  F e n d r ic k  F e n n e r ty  M B ,  J a n s e n n s  J , K a h r i la s  P J , L a u r i t s e n  K ,
R e y n o ld s  J C , S h a w  M ,  T a l le y  N J .  A n  e v id e n c e  b a s e d  a p p ra is a l o f  r e f lu x  d is e a s e  
m a n a g e m e n t :  th e  G e n v a l  w o r k s h o p  r e p o r t  G u t .  1 9 9 9 ;4 4 :1 - 1 6 .  -
1 6 0 . K a u e r  W K  P J , D e M e e s te r  T R ,  F e u s s n e r  H ,  I r e la n d  A P ,  S te in  H J . C o m p o s i t io n  
a n d  c o n c e n t r a t io n  o f  b i le  a c id  r e f l u x  in to  th e  o e s o p h a g u s  o f  p a t ie n ts  w i t h  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e . S u r g e ry .  1 9 9 7 ;1 2 2 :8 7 4 - 8 1 .
1 6 1 . N e h r a  D  H P ,  W i l l i a m s  C P , P y e  J K ,  B e y n o n  J . T o x ic  b i le  a c id s  in  
g a s tro O o e s o p h a g e a l r e f l u x  d is e a s e : in f lu e n c e  o f  g a s t r ic  a c id i t y .  G u t .  1 9 9 9 ;4 4 :5 9 8 - 6 0 2 .
1 6 2 . D r a n e  W E  K K ,  J o h n s o n  D A ,  S i lv e r m a n  E D .  S c in t ig r a p h ic  e v a lu a t io n  o f  
d u o d e n o g a s t r ic  r e f lu x .  P r o b le m s ,  p i t f a l l s  a n d  te c h n ic a l  r e v ie w .  C l in  N u c l  M e d .  
1 9 8 7 ;1 2 :3 7 7 -8 4 .
1 6 3 . D ix o n  M F  O C H ,  A x o n  A T ,  K in g  R F ,  J o h n s to n  D .  R e f lu x  G a s t r i t is :  d is t in c t  
h is to p a th o lo g ic a l  e n t i ty ?  J C l in  P a th o l.  1 9 8 6 ;3 9 :5 2 4 - 3 0 .
1 6 4 . S o b a la  G M  O C H ,  D e w a r  E P , K in g  R F ,  A x o n  A T ,  D ix o n  M F .  B i le  r e f l u x  a n d  
in te s t in a l  m e ta p la s ia  in  g a s t r ic  m u c o s a .  J C l in  P a th o l.  1 9 9 3 ;4 6 :2 3 5 - 4 0 .
1 6 5 . B e c h i  P  P F , B a ld in i  F , C o s i  F , F a lc ia i  R ,  M a z z a n t i  R .  L o n g - t e r m  a m b u la to r y  
e n te r o - g a s t r ic  r e f l u x  m o n i t o r in g .  V a l id a t io n  o f  a  n e w  f ib r e - o p t i c  te c h n iq u e .  D ig  D is  S c i.  
1 9 9 3 ;3 8 :1 2 9 7 - 3 0 6 .
1 6 6 . C a ld w e l l  M T  L P ,  B y r n e  P J, W a ls h  T N ,  H e n n e s s y  T P . A m b u la t o r y  o e s o p h a g e a l 
b i le  r e f l u x  m o n i t o r in g  in  B a r r e t t ’s O e s o p h a g u s .  B r  J S u r g e ry .  1 9 9 5 ;8 2 ( 5 ) :6 5 7 - 6 0 .
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1 6 7 . V a e z i  M F  L R ,  R ic h t e r  J E . V a l id a t io n  s tu d ie s  o f  B i l i t e c  2 0 0 0 :  a n  a m b u la to r y  
d u o d e n o g a s t r ic  r e f l u x  m o n i t o r in g  s y s te m . A m  J P h y s io l .  1 9 9 4 ;2 6 7 :1 0 5 0 - 7 .
1 6 8 . O r la n d o  R C  T N .  W h y  d o e s  s u c ra lfa te  im p r o v e  h e a l in g  in  r e f l u x  e s o p h a g it is ?  T h e  
r o le  o f  s u c ro s e  o c ta s u lfa te .  S c a n d  J G a s t r o e n te r o l  S u p p l.  1 9 9 0 ;1 7 3 :1 7 -2 1 .
1 6 9 . S c h w e itz e r  E T B B ,  B a t z r i  S , Y o u n g  P M ,  H e u s k e n  J , H a r m o n  J W .  S u c r a lfa te  
p re v e n ts  e x p e r im e n ta l  p e p t ic  o e s o p h a g it is  in  r a b b its .  G a s t r o e n t r o lo g y .  1 9 8 5 ;8 8 :6 1 1 -9 .
1 7 0 . H e tz e l  D J  D J , R e e d  W D ,  N a r ie lv a la  F M ,  M a c k in n o n  M ,  M c C a r t h y  J H ,  M i t c h e l l  
B ,  B e v e r id g e  B R ,  L a u re n c e  B H ,  G ib s o n  G G .  H e a l in g  a n d  re la p s e  o f  s e v e re  p e p t ic  
o e s o p h a g it is  a f te r  t r e a tm e n t  w i t h  o e s m o p r a z o le .  G a s t r o e n te r o lo g y .  1 9 8 8 ;9 5 :9 0 3 - 1 2 .
1 7 1 . D e  V a u l t  K R  C D .  P a ra m e te rs  C o m m it te e  o f  th e  A m e r ic a n  C o l le g e  o f  
G a s t r o e n te r o lo g y .  U p d a te d  g u id e l in e s  f o r  th e  d ia g n o s is  a n d  t r e a tm e n t  o f  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e . A m  J G a s t r o e n te r o l .  1 9 9 9 ;9 4 :1 4 3 4 - 4 2 .
1 7 2 . E a rn e s t  D L  D E ,  J o n e s  J , J e n n in g s  D E ,  G r e s k i- R o s e  P A .  A  p la c e b o  c o n t r o l le d  
d o s e  r a n g in g  s tu d y  o f  la n s o p r a z o le  in  th e  m a n a g e m e n t  o f  r e f l u x  o e s o p h a g it is .  
G a s t r o e n te r o lo g y .  1 9 9 8 ;9 3 :2 3 8 - 4 3 .
1 7 3 . H a l le r b a c k  B  U P ,  C a r l in g  L ,  E d w in  B ,  G l is e  H ,  H a v u  N .  O m e p r a z o le  o r  
R a n i t id in e  in  lo n g  te r m  t r e a tm e n t  o f  r e f l u x  o e s o p h a g it is .  G a s t r o e n te r o lo g y .  
1 9 9 4 ;1 0 7 :1 3 0 5 - 1 1 .
1 7 4 . K l in k e n b e r g  K n o l  E C  F H ,  M e u w is s e n  S G . P h a r m a c o lo g ic a l  m a n a g e m e n t  o f  
g a s tro -o e s o p h a g e a l r e f l u x  d is e a s e . D r u g s .  1 9 9 5 ;4 9 :6 9 5 - 7 1 0 .
1 7 5 . F a c k le r  W K  O T ,  V a e z i  M F ,  R ic h t e r  J E . L o n g  te r m  e f f e c t  o f  H 2 R A  th e r a p y  o n  
n o c tu r n a l  g a s t r ic  a c id  b r e a k th r o u g h .  G a s t r o e n te r o lo g y .  2 0 0 2 ;1 2 2 :6 2 5 - 3 2 .
1 7 6 . C h a m p io n  G ,  R ic h te r  J E , V a e z i  M F ,  S in g h  S , A le x a n d e r  R . 
D u o d e n o g a s t r o e s o p h a g e a l r e f lu x :  r e la t io n s h ip  to  p H  a n d  im p o r ta n c e  in  B a r r e t t 's  
e s o p h a g u s . G a s t r o e n te r o lo g y .  1 9 9 4  S e p ;1 0 7 ( 3 ) :7 4 7 - 5 4 .
1 7 7 . G u t  A  G C ,  N e t z e r  P , H a l t e r  F , In a u e n  W .  R e d u c t io n  o f  o e s o p h a g e a l b i le  a n d  a c id  
r e f l u x  b y  p a n to p r a z o le  in  p a t ie n ts  w i t h  r e f l u x  e s o p h a g it is .  G a s t r o e n te r o lo g y .
1 9 9 7 ; 1 0 7 :1 1 2 .
1 7 8 . M a r s h a l l  R E K  A A ,  M a n i f o ld  D K ,  O w e n  W A ,  O w e n  W J .  R e d u c t io n  o f  
g a s t ro e s o p h a g e a l b i le  r e f l u x  b y  o m e p r a z o le  in  B a r re t t 's  o e s o p h a g u s :  a n  in i t i a l  
e x p e r ia n c e .  G u t .  1 9 9 8 ;4 3 :6 0 3 - 6 .
1 7 9 . H o l lo w a y  R H  D J ,  N a r ie lv a la  F , M a c k in n o n  A M .  R e la t io n  b e tw e e n  o e s o p h a g e a l 
a c id  e x p o s u re  a n d  h e a l in g  o f  o e s o p h a g it is  w i t h  o m e p r a z o le  in  p a t ie n ts  w i t h  s e v e re  r e f lu x  
o e s o p h a g it is .  G u t .  1 9 9 6 ;3 8 :6 4 9 -5 4 .
1 8 0 . T r ia d a f i lo p o u lo s  G  D J ,  N o s t r a n t  T T ,  S to l lm a n  N H ,  A n d e r s o n  P K ,  W o l f e  M M ,  
R o th s te in  R I ,  W o  M J ,  C a r le y  D A ,  P a t t i  M G ,  A n t ig n a n o  L V ,  G o f f  J S , E d m u n d o w ic z  S A ,  
C a s te l l  D O ,  R a b in e  J C , K im  M S ,  U t le y  D S .  T h e  s t r e t ta  p ro c e d u r e  f o r  th e  t r e a tm e n t  o f  
G E R D :  6  a n d  12  m o n th  f o l l o w  u p  o f  th e  U S  o p e n  la b e l t r ia l .  G a s t r in te s t  E n d o s c .  
2 0 0 2 ;5 5 :1 4 9 - 5 6 .
1 8 1 . G in s b e r g  G G  B A ,  B a s c o  JJ , B u r d ic k  J S , Is e n b e rg  G A ,  N a k a o  N L ,  P e te rs o n  B T ,  
S i lv e r m a n  W B ,  S l iv k a  A ,  K e ls e y  P B . E n d o s c o p ic  a n t i - r e f lu x  p ro c e d u re s .  G a s t r in te s t  
E n d o s c .  2 0 0 2 ;5 6 :6 2 5 - 8 .
1 8 2 . A l l i s o n  P R , D a  S i lv a  L T .  T h e  R o u x  lo o p .  B r  J S u rg .  1 9 5 3  S e p ;4 1 (1 6 6 ) :  1 7 3 -8 0 .
1 8 3 . M a c L e a n  L D ,  R h o d e  B M ,  N o h r  C ,  K a t z  S , M c L e a n  A P .  S to m a l u lc e r  a f te r  
g a s t r ic  b y p a s s .  J A m  C o l l  S u rg .  1 9 9 7  J u l ;  1 8 5 (1 ) :  1 -7 .
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1 8 4 . G i l l i s o n  E W ,  K u s a k a r i  K ,  B o m b e c k  C T ,  N y h u s  L M .  T h e  im p o r ta n c e  o f  b i le  in  
r e f l u x  o e s o p h a g it is  a n d  th e  s u c c e s s  in  i t s  p r e v e n t io n  b y  s u r g ic a l  m e a n s . B r  J S u rg .  1 9 7 2  
O c t ;5 9 ( 1 0 ) :7 9 4 - 8 .
1 8 5 . S c h u m p e l ic k  V ,  G r o s s n e r  D ,  B e g e m a n n  F , L a u c h a r t  W .  P r e v e n t io n  o f  r e f lu x  
a f te r  g a s tro  r e s e c t io n  in  th e  p ig .  S c a n d  J G a s t r o e n te r o l  S u p p l.  1 9 8 1 ;6 7 :2 5 1 - 5 .
1 8 6 . F e k e te  F , K a b b e j  M ,  S a u v a n e t  A .  [ T o t a l  d u o d e n a l d iv e r s io n  in  th e  t r e a tm e n t  o f  
c o m p le x  p e p t ic  e s o p h a g i t is ] .  C h i r u r g ie .  1 9 9 6 ; 1 2 1 ( 5 ) : 3 2 6 - 8 ;  d is c u s s io n  8 -9 .
1 8 7 . H in d e r  R A ,  E s s e r  J, D e M e e s te r  T R .  M a n a g e m e n t  o f  g a s t r ic  e m p t y in g  d is o rd e r s  
f o l l o w in g  th e  R o u x - e n - Y  p r o c e d u r e .  S u r g e ry .  1 9 8 8  C > c t ;1 0 4 (4 ) :7 6 5 -7 2 .
1 8 8 . H o c k in g  M P ,  V o g e l  S B , F a la s c a  C A ,  W o o d w a r d  E R .  D e la y e d  g a s t r ic  e m p t y in g  
o f  l iq u id s  a n d  s o l id s  f o l l o w in g  R o u x - e n - Y  b i l i a r y  d iv e r s io n .  A n n  S u rg .  1 9 8 1
O c t ;  19 4 ( 4 ) : 4 9 4 - 5 0 1.
1 8 9 . S a lm in e n  J T ,  S a lo  J A ,  T u o m in e n  J A ,  R a m o  O J , F a r k k i la  M ,  M a t t i l a  S P . p H -  
m e t r ic  a n a ly s is  a f te r  s u c c e s s fu l  a n t i r e f lu x  s u rg e r y :  c o m p a r is o n  o f  2 4 - h o u r  p H  p r o f i le s  in  
p a t ie n ts  u n d e r g o in g  f l o p p y  f u n d o p l ic a t io n  o r  R o u x - e n - Y  d u o d e n a l d iv e r s io n .  J 
G a s t r o in te s t  S u rg .  1 9 9 7  N o v - D e e ; l ( 6 ) : 4 9 4 - 8 .
1 9 0 . S te in  H J ,  K a u e r  W K ,  F e u s s n e r  H ,  S ie w e r t  J R . B i l e  r e f l u x  in  b e n ig n  a n d  
m a l ig n a n t  B a r r e t t 's  e s o p h a g u s : e f f e c t  o f  m e d ic a l  a c id  s u p p re s s io n  a n d  n is s e n  
fu n d o p l ic a t io n .  J G a s t r o in te s t  S u rg .  1 9 9 8  J u l - A u g ;2 ( 4 ) : 3 3 3 - 4 1 .
1 9 1 . D e M e e s te r  T R ,  B o n a v in a  L ,  A lb e r t u c c i  M .  N is s e n  f u n d o p l ic a t io n  f o r  
g a s tro e s o p h a g e a l r e f l u x  d is e a s e . E v a lu a t io n  o f  p r im a r y  r e p a i r  in  1 0 0  c o n s e c u t iv e  
p a t ie n ts .  A n n  S u rg .  1 9 8 6  J u l ; 2 0 4 ( l ) : 9 - 2 0 .
1 9 2 . J o h a n s s o n  J , J o h n s s o n  F , J o e ls s o n  B ,  F lo r e n  C H ,  W a l t h e r  B .  O u tc o m e  5 y e a rs  
a f te r  3 6 0  d e g re e  f u n d o p l ic a t io n  f o r  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . B r  J S u rg .  1 9 9 3  
J a n ; 8 0 ( l ) : 4 6 - 9 .
1 9 3 . V o u t i la in e n  M  S P , M e c k l i n  J P , J u h o la  M ,  F a r k k i la  M .  G a s t ro - o e s o p h a g e a l r e f lu x  
d is e a s e : p r e v a le n c e ,  c l in ic a l ,  e n d o s c o p ic  a n d  h is t o p a t h o lo g ic a l  f in d in g s  in  1 ,1 2 8  
c o n s e c u t iv e  p a t ie n ts  r e fe r r e d  f o r  e n d o s c o p y  d u e  to  d y s p e p t ic  a n d  r e f l u x  s y m p to m s .  
D ig e s t io n .  2 0 0 0 ;6 1 :6 - 1 3 .
1 9 4 . M i t t a l  R K  R D ,  M c C a l lu m  R W .  S p h in c te r ic  a c t io n  o f  th e  d ia p h r a g m  d u r in g  a 
r e la x e d  lo w e r  o e s o p h a g e a l s p h in c te r  in  h u m a n s .  A m  J P h y s io l .  1 9 8 9 ;2 5 6 :1 3 9 - 4 4 .
1 9 5 . SJ S . E p id e m io lo g y  a n d  n a tu r a l  h is t o r y  o f  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . 
D ig e s t io n ,  1 9 9 2 ;5 1 :2 4 -9 .
1 9 6 . K la u s e r  A G  S N ,  M u l le r - L is s n e r  S A .  S y m p to m s  in  g a s tro -o e s o p h a g e a l r e f l u x  
d is e a s e . L a n c e t .  1 9 9 0 ;3 3 5 :2 0 5 - 8 .
1 9 7 . I r w i n  R S  C F ,  F r e n c h  C L .  C h r o n ic  c o u g h .  T h e  s p e c t ru m  a n d  f r e q u e n c y  o f  c a u s e s , 
k e y  c o m p o n e n ts  o f  th e  d ia g n o s t ic  e v a lu a t io n  a n d  o u tc o m e  o f  s p e c i f ic  th e ra p y .  A m  R e v  
R e s p i r D is .  1 9 9 0 ;1 4 1 :6 4 0 - 7 .
1 9 8 . A g r e u s  1 S K ,  N y r e n  O , T ib b l i n  G .  R e p r o d u c ib i l i t y  a n d  v a l i d i t y  o f  a  p o s ta l  
q u e s t io n n a ir e .  T h e  a b d o m in a l  s y m p to m  s tu d y .  S c a n d  J  P r im a r y  H e a l th  C a re .  
1 9 9 3 ;1 1 :2 5 2 -6 2 .
1 9 9 . M  T .  T h e  s p e c t ru m  o f  th e  s y m p to m s  a n d  p re s e n ta t io n s  o f  g a s t ro -o e s o p h a g e a l 
r e f l u x  d is e a s e . G a s t r o e n te r o l  C l i n  N o r t h  A m .  1 9 9 0 ;1 9 :6 0 9 - 1 6 .
2 0 0 .  S m a l l  P K  L M ,  W a ld r o n  B ,  S m ith  D ,  C a m p b e l l  F C .  Im p o r ta n c e  o f  r e f lu x  
s y m p to m s  in  f u n c t io n a l  d y s p e p s ia .  G u t .  1 9 9 5 ;3 6 :1 8 9 - 9 2 .
2 0 1 .  S M  H .  G a s t ro - o e s o p h a g e a l r e f lu x ,  a s th m a  a n d  m e c h a n is m  o f  in te r a c io n .  A m  J 
M e d .  2 0 0 1 ;1 1 1 :8 - 1 2 .
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2 0 2 .  A v id a n  B  S A ,  S c h n e l l  T G ,  S o n ta g  S J . T e m p o r a l  a s s o c ia t io n s  b e tw e e n  c o u g h in g  
o r  w h e e z in g  a n d  a c id  r e f l u x  in  a s th m a t ic s .  G u t .  2 0 0 1 ;4 9 :7 6 7 - 7 2 .
2 0 3 .  P a lo m b in i  B C  V C ,  A r a u jo  E . A  p a th o g e n ic  t r ia d  in  c h r o n ic  c o u g h :  a s th m a , p o s t  
n a s a l d r ip  s y n d r o m e  a n d  g a s tro - o e s o p h a g e a l r e f l u x  d is e a s e . C h e s t.  1 9 9 9 ; 1 1 6 :2 7 9 - 8 4 .
2 0 4 .  F r ie je  J E  B T ,  C a m p b e l l  B H ,  W o o d s e o n  B T ,  S c h u l t z  C J ,  T o o h i l l  R J . C a r c in o m a  
o f  th e  la r y n x  in  p a t ie n ts  w i t h  g a s tro -o e s o p h a g e a l r e f lu x .  A m  J O t o la r y n g o l .  
1 9 9 6 ;1 7 :3 8 6 - 9 0 .
2 0 5 .  E C  K K .  O t o la r y n g o lo g ic  m a n ife s ta t io n s  o f  g a s tro - o e s o p h a g e a l r e f l u x  d is e a s e . 
S c a n d  J G a s t ro e n te ro l .  1 9 9 8 ;2 2 5 :2 4 - 8 .
2 0 6 .  P e te rs  F T  K J .  B a r r e t t 's  o e s o p h a g u s  a n d  c a r c in o m a .  R e c e n t  in s ig h ts  in to  i ts  
d e v e lo p m e n t  a n d  p o s s ib le  p r e v e n t io n .  S c a n d  J G a s t r o e n te r o l .  1 9 9 3 ;2 0 0 :5 9 - 6 4 .
2 0 7 .  J o h n s s o n  F  J B ,  G u d m u n d s s o n  K ,  G r i e f f  L .  S y m p to m s  a n d  e n d o s c o p ic  f in d in g s  in  
th e  d ia g n o s is  o f  g a t ro - o e s o p h a g e a l r e f l u x  d is e a s e . S c a n d  J G a s t ro e n te ro l .  1 9 8 7 ;2 2 :7 1 4 - 8 .
2 0 8 .  S o n n e n b e r g  A  E - S H .  C l in ic a l  e p id e m io lo g y  a n d  n a tu r a l  h is t o r y  o f  g a s t ro -  
o e s o p h a g e a l r e f lu x  d is e a s e . Y a le  J B i o l  M e d .  1 9 9 9 ;7 2 :8 1 - 9 2 .
2 0 9 .  M a s s im i l ia n o  d i  P ie t r o  R C F .  B a r r e t t ’ s o e s o p h a g u s :  a n  id e a l m o d e l  t o  s tu d y
c a n c e r  g e n e t ic s .  H u m a n  G e n e t ic s .  2 0 0 9  A p r i l  2 0 0 9 ;1 2 6 :2 3 3 - 4 6 .
2 1 0 .  F i t z g e r a ld  R C .  B a r r e t t ’ s o e s o p h a g u s  a n d  o e s o p h a g e a l a d e n o c a r c in o m a :  h o w  d o e s  
a c id  in te r fe r e  w i t h  c e l l  p r o l i f e r a t io n  a n d  d i f f e r e n t ia t io n ?  G u t .  2 0 0 5  S e p te m b e r  
2 0 0 9 ;5 4 :1 2 1 - 6 .
2 1 1 .  F it z g e r a ld  R C .  E p ig e n e t ic  c h a n g e s  w ip e  o u t  p r o t e c t iv e  m e c h a n is m s  in  B a r r e t t ’ s 
o e s o p h a g u s .  G u t .  2 0 0 9 ;5 8 :1 - 2 .
2 1 2 .  T o le d o  F , W a h l  G M .  R e g u la t in g  th e  p 5 3  p a th w a y :  in  v i t r o  h y p o th e s e s ,  in  v i v o  
v e r i ta s .  N a t  R e v  C a n c e r .  2 0 0 6  D e c ;6 ( 1 2 ) :9 0 9 - 2 3 .
2 1 3 .  B o u r d o n  J C . p 5 3  a n d  i ts  is o fo r m s  in  c a n c e r .  B r  J C a n c e r .  2 0 0 7  A u g  6 ;9 7 ( 3 ) :2 7 7 -
8 2 .
2 1 4 .  B o u r d o n  J C . p 5 3  F a m i ly  is o fo r m s .  C u r r  P h a rm  B io t e c h n o l .  2 0 0 7  D e c ;8 ( 6 ) :3 3 2 - 6 .
2 1 5 .  V o u s d e n  K H ,  L a n e  D P .  p 5 3  in  h e a lth  a n d  d is e a s e . N a t  R e v  M o l  C e l l  B io l .  2 0 0 7
A p r ; 8 ( 4 ) : 2 7 5 - 8 3 .
2 1 6 .  d i  P ie t r o  M ,  F i t z g e r a ld  R C .  B a r r e t t 's  o e s o p h a g u s :  a n  id e a l m o d e l  t o  s tu d y  c a n c e r  
g e n e t ic s .  H u m  G e n e t .  2 0 0 9  A u g ; 1 2 6 ( 2 ) : 2 3 3 - 4 6 .
2 1 7 .  R a m e l S , R e id  B J ,  S a n c h e z  C A ,  B lo u n t  P L ,  L e v in e  D S ,  N e s h a t  K ,  e t  a l.  
E v a lu a t io n  o f  p 5 3  p r o te in  e x p re s s io n  in  B a r r e t t 's  e s o p h a g u s  b y  t w o - p a r a m e te r  f l o w  
c y to m e t r y .  G a s t r o e n te r o lo g y .  1 9 9 2  A p r ;  1 0 2 (4  P t  1 ): 1 2 2 0 -8 .
2 1 8 .  F le jo u  J F , P o te t  F , M u z e a u  F , L e  P e l le t ie r  F , F e k e te  F , H e n in  D .  O v e r e x p r e s s io n  
o f  p 5 3  p r o t e in  in  B a r r e t t 's  s y n d r o m e  w i t h  m a l ig n a n t  t r a n s fo r m a t io n .  J C l i n  P a th o l.  1 9 9 3  
A p r ; 4 6 ( 4 ) :3 3 0 - 3 .
2 1 9 .  Y o u n e s  M ,  L e b o v i t z  R M ,  L e c h a g o  L V ,  L e c h a g o  J. p 5 3  p r o t e in  a c c u m u la t io n  in  
B a r r e t t 's  m e ta p la s ia ,  d y s p la s ia ,  a n d  c a r c in o m a :  a  f o l l o w - u p  s tu d y .  G a s t r o e n te r o lo g y .
1 9 9 3  D e c ;  1 0 5 (6 ) :  1 6 3 7 -4 2 .
2 2 0 .  N C B I  O b t .  h t t p : / / w w w . n c b i . n lm . n ih . g o v / o m im / 1 9 1 1 7 0 . 2 0 1 1 .
2 2 1 .  B lo u n t  P L ,  R a m e l S , R a s k in d  W H ,  H a g g i t t  R C ,  S a n c h e z  C A ,  D e a n  P J , e t  a l.  1 7 p
a l le l i c  d e le t io n s  a n d  p 5 3  p r o te in  o v e r e x p r e s s io n  in  B a r r e t t 's  a d e n o c a r c in o m a .  C a n c e r  
R e s . 1 9 9 1  O c t  1 5 ;5 1 ( 2 0 ) :5 4 8 2 - 6 .
2 2 2 .  F in le y  J C , R e id  B J ,  O d z e  R D ,  S a n c h e z  C A ,  G a l ip e a u  P , L i  X ,  e t  a l.
C h r o m o s o m a l  i n s t a b i l i t y  in  B a r r e t t 's  e s o p h a g u s  is  re la te d  to  te lo m e r e  s h o r te n in g .  C a n c e r
E p id e m io l  B io m a r k e r s  P re v .  2 0 0 6  A u g ;  1 5 (8 ) :  1 4 5 1 - 7 .
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2 2 3 .  H a m e l in  R ,  F le jo u  J F , M u z e a u  F , P o te t  F , L a u r e n t - P u ig  P , F e k e te  F , e t  a l.  T P 5 3  
g e n e  m u ta t io n s  a n d  p 5 3  p r o t e in  im m u n o r e a c t iv i t y  in  m a l ig n a n t  a n d  p r e m a l ig n a n t  
B a r re t t 's  e s o p h a g u s . G a s t r o e n te r o lo g y .  1 9 9 4  O c t ;  1 0 7 (4 ) :  1 0 1 2 -8 .
2 2 4 .  S c h n e id e r  P M ,  C a s s o n  A G ,  L e v in  B ,  G a r e w a l  H S ,  H o e ls c h e r  A H ,  B e c k e r  K ,  e t 
a l.  M u t a t io n s  o f  p 5 3  in  B a r r e t t 's  e s o p h a g u s  a n d  B a r r e t t 's  c a n c e r :  a  p r o s p e c t iv e  s tu d y  o f  
n in e ty - e ig h t  c a s e s . J T h o r a c  C a r d io v a s c  S u rg .  1 9 9 6  F e b ; 1 1 1 ( 2 ) : 3 2 3 - 3 1; d is c u s s io n  3 1 - 3 .
2 2 5 .  D o a k  S H ,  J e n k in s  G J , P a r r y  E M ,  G r i f f i t h s  A P ,  S h a h  V ,  B a x te r  J N ,  e t  a l.  
C h a r a c te r is a t io n  o f  p 5 3  s ta tu s  a t  th e  g e n e , c h r o m o s o m a l a n d  p r o te in  le v e ls  in  
o e s o p h a g e a l a d e n o c a r c in o m a .  B r  J C a n c e r .  2 0 0 3  N o v  3 ;8 9 ( 9 ) :  1 7 2 9 -3 5 .
2 2 6 .  J a n k o w s k i  J , C o g h i l l  G ,  H o p w o o d  D ,  W o r m s le y  K G .  O n c o g e n e s  a n d  o n c o ­
s u p p re s s o r  g e n e  in  a d e n o c a r c in o m a  o f  th e  o e s o p h a g u s .  G U T .  1 9 9 2  A u g ; 3 3 ( 8 ) :  1 0 3 3 -8 .
2 2 7 .  B a n i - H a n i  K ,  M a r t in  IG ,  H a r d ie  L J ,  M a p s to n e  N ,  B r ig g s  J A ,  F o r m a n  D ,  e t  a l.  
P r o s p e c t iv e  s tu d y  o f  c y c l in  D 1  o v e r e x p r e s s io n  in  B a r r e t t 's  e s o p h a g u s :  a s s o c ia t io n  w i t h  
in c re a s e d  r is k  o f  a d e n o c a r c in o m a .  J N a t l  C a n c e r  In s t .  2 0 0 0  A u g  1 6 ;9 2 ( 1 6 ) :  1 3 1 6 -2 1 .
2 2 8 .  R e id  B J ,  P r e v o  L J ,  G a l ip e a u  P C , S a n c h e z  C A ,  L o n g t o n  G ,  L e v in e  D S ,  e t  a l.  
P r e d ic to r s  o f  p ro g r e s s io n  in  B a r r e t t 's  e s o p h a g u s  I I :  b a s e l in e  1 7 p  ( p 5 3 )  lo s s  o f  
h e te r o z y g o s i t y  id e n t i f ie s  a  p a t ie n t  s u b s e t a t  in c re a s e d  r i s k  f o r  n e o p la s t ic  p r o g r e s s io n .
A m  J G a s t r o e n te r o l .  2 0 0 1  6 c t ; 9 6 ( 1 0 ) : 2 8 3 9 - 4 8 .
2 2 9 .  D o la n  K ,  W a lk e r  S J, G o s n e y  J, F ie ld  J K ,  S u t to n  R . T P 5 3  m u ta t io n s  in  m a l ig n a n t  
a n d  p r e m a l ig n a n t  B a r re t t 's  e s o p h a g u s .  D is  E s o p h a g u s .  2 0 0 3 ; 1 6 ( 2 ) :8 3 - 9 .
2 3 0 .  M e r o la  E , M a t t i o l i  E , M i n i m o  C , Z u o  W ,  R a b i t t i  C ,  C ic a la  M ,  e t  a l.  
I m m u n o h is to c h e m ic a l  e v a lu a t io n  o f  p R b 2 / p l3 0 ,  V E G F ,  E Z H 2 ,  p 5 3 ,  p i 6 , p 2 1 w a f - l ,  
p 2 7 ,  a n d  P C N A  in  B a r r e t t 's  e s o p h a g u s .  J C e l l  P h y s io l .  2 0 0 6  M a y ; 2 0 7 ( 2 ) : 5 1 2 - 9 .
2 3 1 .  K e r k h o f  M ,  S te y e r b e r g  E W ,  K u s te r s  J G ,  v a n  D e k k e n  H ,  v a n  V u u r e n  A J ,  K u ip e r s  
E J , e t  a l.  A n e u p lo id y  a n d  h ig h  e x p re s s io n  o f  p 5 3  a n d  K i6 7  is  a s s o c ia te d  w i t h  n e o p la s t ic  
p r o g r e s s io n  in  B a r r e t t  e s o p h a g u s . C a n c e r  B io m a r k .  2 0 0 8 ;4 ( 1 ) :1 - 1 0 .
2 3 2 .  B in a to  M ,  G u r s k i  R R ,  F a g u n d e s  R B ,  M e u r e r  L ,  E d e lw e is s  M L  P 5 3  a n d  K i - 6 7  
o v e r e x p r e s s io n  in  g a s tro e s o p h a g e a l r e f l u x  d is e a s e — B a r re t t 's  e s o p h a g u s  a n d  
a d e n o c a r c in o m a  s e q u e n c e . D is  E s o p h a g u s .  2 0 0 9 ; 2 2 ( 7 ) :5 8 8 - 9 5 .
2 3 3 .  H r i t z  I ,  G y o r f f y  H ,  M o ln a r  B ,  L a k a to s  G , S ip o s  F ,  P r e g u n  I ,  e t  a l.  In c re a s e d  p 5 3  
e x p re s s io n  in  th e  m a l ig n a n t  t r a n s f o r m a t io n  o f  B a r r e t t 's  e s o p h a g u s  is  a c c o m p a n ie d  b y  a n  
u p w a r d  s h i f t  o f  th e  p r o l i f e r a t i v e  c o m p a r tm e n t .  P a th o l  O n c o l  R e s . 2 0 0 9  J u n ;1 5 ( 2 ) :1 8 3 -  
9 2 .
2 3 4 .  L o p e s  C V ,  M n i f  H ,  P e s e n t i C ,  B o r ie s  E , M o n g e s  G ,  G io v a n n in i  M .  p 5 3  a n d  K i -  
6 7  in  B a r r e t t 's  c a r c in o m a :  is  th e re  a n y  v a lu e  to  p r e d ic t  r e c u r r e n c e  a f te r  c i r c u m f e r e n t ia l  
e n d o s c o p ic  m u c o s a l re s e c t io n ?  A r q  G a s t r o e n te r o l .  2 0 0 7  O c t - D e c ; 4 4 ( 4 ) : 3 0 4 - 8 .
2 3 5 .  P ra s a d  G A ,  W a n g  K K ,  H a i l i n g  K C ,  B u t t a r  N S ,  W o n g k e e s o n g  L M ,  Z in s m e is te r  
A R ,  e t  a l.  U t i l i t y  o f  b io m a r k e r s  in  p r e d ic t io n  o f  r e s p o n s e  to  a b la t iv e  th e r a p y  in  B a r re t t 's  
e s o p h a g u s . G a s t r o e n te r o lo g y .  2 0 0 8  A u g ; 1 3 5 ( 2 ) : 3 7 0 - 9 .
2 3 6 .  A b u - S n e in e h  A ,  T a m  W ,  S c h o e m a n  M ,  F ra s e r  R ,  R u s z k ie w ic z  A R ,  S m ith  E , e t 
a l.  T h e  e f fe c ts  o f  h ig h - d o s e  e s o m e p r a z o le  o n  g a s t r ic  a n d  o e s o p h a g e a l a c id  e x p o s u r e  a n d  
m o le c u la r  m a r k e r s  in  B a r r e t t ’s o e s o p h a g u s . A l i m e n t  P h a r m a c o l T h e r .  0 c t ; 3 2 ( 8 ) : 1 0 2 3 -
3 0 .
2 3 7 .  G e rd e s  J , L e m k e  H ,  B a is c h  H ,  W a c k e r  H H ,  S c h w a b  U ,  S te in  H .  C e l l  c y c le  
a n a ly s is  o f  a  c e l l  p r o l i f e r a t io n - a s s o c ia te d  h u m a n  n u c le a r  a n t ig e n  d e f in e d  b y  th e  
m o n o c lo n a l  a n t ib o d y  K i - 6 7 .  J Im m u n o l .  1 9 8 4  O c t ;  1 3 3 (4 ) :  1 7 1 0 -5 .
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2 3 8 .  G e rd e s  J , S c h w a b  U ,  L e m k e  H ,  S te in  H .  P r o d u c t io n  o f  a  m o u s e  m o n o c lo n a l  
a n t ib o d y  r e a c t iv e  w i t h  a h u m a n  n u c le a r  a n t ig e n  a s s o c ia te d  w i t h  c e l l  p r o l i f e r a t io n .  I n t  J 
C a n c e r .  1 9 8 3  J a n  1 5 ; 3 1 ( 1 ) :  1 3 -2 0 .
2 3 9 .  S c h o lz e n  T ,  G e rd e s  J. T h e  K i - 6 7  p r o te in :  f r o m  th e  k n o w n  a n d  th e  u n k n o w n .  J 
C e l l  P h y s io l .  2 0 0 0  M a r ; 1 8 2 ( 3 ) : 3 1 1 - 2 2 .
2 4 0 .  Y  A K .  C r i t i c a l  r e v ie w  M o le c u la r  b io lo g y  o f  e s o p h a g e a l s q u a m o u s  c e l l  
c a rc in o m a .  . C r i t i c a l  r e v ie w s  in  O n c o lo g y ;  H a e m a to lo g y .  2 0 0 0 ;3 3 :7 1 - 9 0 .
2 4 1 .  H o n g  M K ,  L a s k in  W B ,  H e r m a n  B E ,  J o h n s to n  M H ,  V a r g o  JJ , S te in b e rg  S M ,  e t  
a l.  E x p a n s io n  o f  th e  K i - 6 7  p r o l i f e r a t i v e  c o m p a r tm e n t  c o r r e la te s  w i t h  d e g re e  o f  d y s p la s ia  
in  B a r r e t t 's  e s o p h a g u s .  C a n c e r .  1 9 9 5  J a n  1 5 ;7 5 ( 2 ) :4 2 3 - 9 .
2 4 2 .  G o in g  JJ , K e i t h  W N ,  N e i ls o n  L ,  S to e b e r  K ,  S tu a r t  R C ,  W i l l i a m s  G H .  A b e r r a n t  
e x p re s s io n  o f  m in ic h r o m o s o m e  m a in te n a n c e  p r o te in s  2  a n d  5 , a n d  K i - 6 7  in  d y s p la s t ic  
s q u a m o u s  o e s o p h a g e a l e p i t h e l iu m  a n d  B a r r e t t 's  m u c o s a .  G U T .  2 0 0 2  M a r ; 5 0 ( 3 ) : 3 7 3 - 7 .
2 4 3 .  B r o w n  D C ,  G a t te r  K C .  M o n o c lo n a l  a n t ib o d y  K i - 6 7 :  i t s  u s e  in  h is to p a th o lo g y .  
H is t o p a th o lo g y .  1 9 9 0  D e c ; 1 7 ( 6 ) :4 8 9 - 5 0 3 .
2 4 4 .  K a k e j i  Y ,  K o r e n a g a  D ,  T s u j i t a n i  S , H a r a g u c h i  M ,  M a e h a r a  Y ,  S u g im a c h i  K .  
P r e d ic t iv e  v a lu e  o f  K i - 6 7  a n d  a r g y r o p h i l i c  n u c le o la r  o r g a n iz e r  r e g io n  s ta in in g  f o r  ly m p h  
n o d e  m e ta s ta s is  in  g a s t r ic  c a n c e r .  C a n c e r  R e s . 1 9 9 1  J u l l ; 5 1 ( 1 3 ) :3 5 0 3 - 6 .
2 4 5 .  D e n t  J E - S H ,  W a l la n d e r  M A ,  J o h a n s s o n  S . E p id e m io lo g y  o f  g a s tro - o e s o p h a g e a l 
r e f l u x  d is e a s e : a  s y s te m a t ic  r e v ie w .  G U T .  2 0 0 5 ; 5 4 ( 5 ) :7 1 0 - 7 .
2 4 6 .  S h a k e r  R  C D ,  S c h o e n fe ld  P S , S p e c h le r  S J . N i g h t  t im e  h e a r tb u r n  is  a n  u n d e r -  
a p p re c ia te d  c l in ic a l  p r o b le m  th a t  im p a c ts  s le e p  a n d  d a y t im e  f u n c t io n :  re s u lts  o f  a  G a l lu p  
s u r v e y  c o n d u c te d  o n  b e h a l f  o f  th e  A m e r ic a n  G a s t r o e n to lo g y  A s s o c ia t io n .  A m  J 
G a s t r o e n te r o lo g y .  2 0 0 3 ; 9 8 : 1 4 8 7 -9 3 .
2 4 7 .  M a l f e r t h e in e r  P  H B .  C l in i c a l  m a n i fe s ta t io n s  a n d  c o m p la in ts  o f  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e . I n t  J C l i n  P ra c t .  2 0 0 5 ;5 9 :3 4 6 - 5 5 .
2 4 8 .  D ix o n  M F  G R ,  Y a r d le y  J H ,  C o r re a  P . C la s s i f ic a t io n  a n d  g r a d in g  o f  g a s t r i t is .  T h e  
u p d a te d  S y n d n y  S y s te m . A m e r ic a n  J o u r n a l  S u r g  P a th o l.  1 9 9 6 ;2 0 :1 1 6 1 - 8 1 .
2 4 9 .  V a e z i  M F  R J . Im p o r ta n c e  o f  D u o d e n o - g a s tro O e s o p h a g e a l r e f l u x  in  m e d ic a l  
o u tp a t ie n t  p r a c t ic e .  H e p a to g a s t r o e n te r o lo g y .  1 9 9 9 ;4 6 :4 0 - 7 .
2 5 0 .  R o m a n g o l i  R  C J , B e h c i  P , S a l iz z o n i  M .  G a s t r ic  s y m p to m s  a n d  d u o fe n o g a s t r ic  
r e f l u x  in  p a t ie n ts  r e fe r r e d  f o r  g a s t ro - o e s o p h a g e a l r e f l u x  s y m p to m s  a n d  e n d o s c o p ic  
o e s o p h a ig i t is .  S u r g e ry .  1 9 9 9 ;1 2 5 :4 8 0 - 6 .
2 5 1 .  J o h n s s o n  F  J B ,  G u d m u n d s s o n  K ,  G r i e f f  L .  S y m p to m s  a n d  e n d o s c o p ic  f in d in g s  in  
th e  d ia g n o s is  o f  g a s tro e s o p h a g e a l r e f l u x  d is e a s e . S c a n d  J G a s t ro e n te ro l.  1 9 8 7 ;2 2 ( 6 ) :7 1 4 -  
8 .
2 5 2 .  V o u t i la in e n  M  S P , M e c k l i n  J P , J u h o la  M ,  F a r k k i la  M .  G a s tro e s o p h a g e a l r e f l u x  
d is e a s e , p r e v a le n c e ,  c l in ic a l ,  e n d o s c o p ic  a n d  h is to p a th o lo g ic a l  f in d in g s  in  1 ,1 2 8  
c o n s e c u t iv e  p a t ie n ts  r e fe r r e d  f o r  e n d o s c o p y  d u e  to  d y s p e p t ic  a n d  r e f l u x  s y m p to m s .  
D ig e s t io n .  2 0 0 0 ;6 1 ( 1 ) :6 - 1 3 .
2 5 3 .  J a n k o w s k i  J A  H R ,  P e n y  I ,  B a l k w i l l  F , T s e le p is  C .  B a r r e t t 's  m e ta p la s ia .  L a n c e t  
2 0 0 0 ;3 5 6 :2 0 9 7 - 8 3 .
2 5 4 .  W o l f g a r t e n  E  P B ,  H ö ls c h e r  A H ,  B o l l s c h w e i le r  E . D u o d e n o - G a s t r ic - E s o p h a g e a l  
r e f lu x - W h a t  is  p a th o lo g ic ?  C o m p a r is o n  o f  p a t ie n ts  w i t h  B a r r e t t 's  e s o p h a g u s  a n d  a g e -  
m a tc h e d  v o lu n te e r s .  J o u r n a l  o f  G a s t r o in te s t in a l  S u r g e ry .  2 0 0 7 ;  1 1 (4 ) :4 7 9 - 8 6 .
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2 5 5 .  B e h c i  P  P F , B a ld in i  F , C o s l  F , F a lc ia i  R ,  M a z z a n u  R  e t  a l.  L o n g  te r m  a m b u la to r y  
e n te r o g a s t r ic  r e f l u x  m o n i t o r in g .  V a l id a t io n  o f  n e w  f ib e r o p t ic  te c h n iq u e .  D i g  D is  S c i.  
1 9 9 3 ;3 8 :1 2 9 7 - 3 0 6 .
2 5 6 .  T a c k  J K G ,  D e m e d is  I ,  S i f r im  D ,  J a n s s e n s  J . G a s tro - o e s o p h a g e a l r e f l u x  d is e a s e  
p o o r ly  r e s p o n s iv e  to  s in g le  d o s e  p r o to n  p u m p  in h ib i t o r s  in  p a t ie n ts  w i t h o u t  B a r re t t 's  
o e s o p h a g u s . A c i d  r e f lu x ,  B i l e  r e f l u x  o r  b o th ?  A m e r ic a n  J o u r n a l  o f  G a s t r o e n te r o lo g y .  
2 0 0 4 ;9 9 :9 8 1 - 8 .
2 5 7 .  V a e z i  M F  R J . S y n e r g is m  o f  a c id  a n d  d u o d e n o g a s t ro - o e s o p h a g e a l r e f l u x  in  
c o m p l ic a te d  B a r r e t t 's  o e s o p h a g u s .  S u r g e ry .  1 9 9 5 ;  1 1 7 :6 9 9 - 7 0 4 .
2 5 8 .  D S  L .  B a r r e t t 's  o e s o p h a g u s .  S c i A m  S c i M e d .  1 9 9 4 ;1 :1 6 -2 5 .
2 5 9 .  P a ra  M  C A ,  T r a s te k  V F  e t  a l  In c r e a s in g  in c id e n c e  o f  a d e n o c a r c in o m a  o f  th e  
o e s o p h a g u s  a n d  o e s o p h a g o g a s t r ic  j u n c t io n .  G a s t r o e n te r o lo g y .  1 9 9 3 ;1 0 4 :5 1 0 - 3 .
2 6 0 .  R  L .  R e la t iv e  im p o r ta n c e  o f  b i l i a r y  a n d  p a n c re a t ic  s e c re t io n s  in  g e n e s is  o f  
o e s o p h a g it is  in  ra ts . A m  J D i g  D is .  1 9 6 2 ;7 :1 0 2 6 .
2 6 1 .  J a n s s e n s  J P J , F e m  M ,  H u g h e s  M ,  H a g e n  J A ,  D e M e e s te r  S R  e t  a l.  T h e  m u ta g e n ic  
p o te n t ia l  o f  g a s t ro -o e s o p h a g e a l r e f lu x .  A n n a ls  o f  S u r g e ry .  2 0 0 5 ;2 4 1 :6 3 - 8 .
2 6 2 .  S a lo  J , K iv i la a k s o  E . R o le  o f  lu m in a l  H +  in  th e  p a th o g e n e s is  o f  e x p e r im e n ta l  
e s o p h a g it is .  S u r g e ry .  1 9 8 2  J u l ; 9 2 ( l ) : 6 1 - 8 .
2 6 3 .  K i r o f f  G K ,  M u k e r jh e e  T M ,  D ix o n  B ,  D e v i t t  P G ,  J a m ie s o n  G G .  M o r p h o lo g ic a l  
c h a n g e s  c a u s e d  b y  e x p o s u r e  o f  r a b b i t  o e s o p h a g e a l m u c o s a  to  h y d r o c h lo r ic  a c id  a n d  
s o d iu m  ta u r o c h o la te .  A u s t  N  Z  J S u rg .  1 9 8 7  F e b ; 5 7 ( 2 ) :  1 1 9 -2 6 .
2 6 4 .  K a y e  M D ,  S h o w a lte r  J P . P y lo r i c  in c o m p e te n c e  in  p a t ie n ts  w i t h  s y m p to m a t ic  
g a s tro e s o p h a g e a l r e f lu x .  J L a b  C l in  M e d .  1 9 7 4  F e b ;8 3 ( 2 ) :  1 9 8 -2 0 6 .
2 6 5 .  C a ld w e l l  M T ,  L a w lo r  P , B y r n e ,  P .J .,  W a ls h ,  T . N . ,  H e n n e s s y ,  T .P .J .  A m b u la to r y  
O e s o p h a g e a l B i le  r e f l u x  m o n i t o r in g  in  B a r r e t t 's  o e s o p h a g u s .  B r i t i s h  J o u rn a l o f  S u r g e ry .  
1 9 9 5 ;8 2 :6 5 7 -6 0 .
2 6 6 .  C a ld w e l l  M T ,  L a w lo r  P , B y r n e  P J , W a ls h  T N ,  H e n n e s s y  T P .  A m b u la t o r y  
o e s o p h a g e a l b i le  r e f l u x  m o n i t o r in g  in  B a r r e t t 's  o e s o p h a g u s .  B r  J  S u rg .  1 9 9 5  
M a y ; 8 2 ( 5 ) : 6 5 7 - 6 0 .
2 6 7 .  C a ld w e l l  M T ,  B y r n e  P J , B r a z i l  N ,  C r o w le y  V ,  A t t w o o d  S E , W a ls h  T N ,  e t  a l.  A n  
a m b u la to r y  b i le  r e f l u x  m o n i t o r in g  s y s te m : a n  in  v i t r o  a p p ra is a l.  P h y s io l  M e a s .  1 9 9 4  
F e b ; 1 5 ( l ) : 5 7 - 6 5 .
2 6 8 .  B a r r e t t  M . W  M J C ,  W a ts o n  D . I ,  J a m ie s o n  G .G .  D e te c t io n  o f  b i le  r e f lu x :  in  v i v o  
v a l id a t io n  o f  th e  B i l i t e c  F ib r e o p t ic  s y s te m . D is e a s e s  o f  th e  E s o p h a g u s .  2 0 0 0 ;1 3 :4 4 - 5 0 .
2 6 9 .  T ib b l i n g  G r a h n  L  B L ,  F ra n z e n  T ,  K u l lm a n  E . G a s t r ic  b i le  m o n i t o r in g :  a n  in  v iv o  
a n d  in  v i t r o  s tu d y  o f  B i l i t e c  r e l i a b i l i t y .  S c a n d  J G a s t r o e n te r o l .  2 0 0 2 ; 3 7 ( 1 1 ): 1 3 3 4 -7 .
2 7 0 .  B e c h i  P  B F ,  C ia n c h i  ( F lo r e n c e )  F . W h a t  is  th e  r e l i a b i l i t y  o f  th e  p o r ta b le  s p e c t r o ­
p h o to m e te r  w i t h  a  f ib r e o p t ic  p r o b e  to  d e te c t  b i l i r u b i n  in  b i le  r e f lu x a te ?  Is  s e n s i t iv i t y  o f  
B i l i t e c  l i k e l y  to  b e  im p r o v e d .  O E S O .  1 9 9 8 .
2 7 1 .  D a i  F , G o n g  J , Z h a n g  R , L u o  J Y ,  Z h u  Y L ,  W a n g  X Q .  A s s e s s m e n t  o f  
d u o d e n o g a s t r ic  r e f l u x  b y  c o m b in e d  c o n t in u o u s  in t r a g a s t r ic  p H  a n d  b i l i r u b i n  m o n i t o r in g .  
W o r ld  J G a s t ro e n te ro l.  2 0 0 2  A p r ; 8 ( 2 ) : 3 8 2 - 4 .
2 7 2 .  K a ts o u l is  IE ,  R o b o t is  I ,  K o u r a k l is  G ,  Y a n n o p o u lo s  P . D u o d e n o g a s t r ic  r e f l u x  
a f te r  e s o p h a g e c to m y  a n d  g a s t r ic  p u l l - u p :  th e  e f f e c t  o f  th e  r o u te  o f  r e c o n s t r u c t io n .  W o r ld  
J  S u rg .  2 0 0 5  F e b ;2 9 ( 2 ) :  1 7 4 -8 1 .
2 7 3 .  L o r u s s o  D  L M ,  P e z z o la  F ,  B e r lo c o  P , O s e l la  A R ,  G u e r r a  V ,  D i  L e o  A ,  D e m m a  I.  
D u o d e n o g a s t r ic  r e f l u x  a n d  g a s t r ic  m u c o s a l p o ly a m in e s  in  th e  n o n -o p e ra te d  s to m a c h  a n d
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in  th e  g a s t r ic  r e m n a n t  a f te r  B i l l r o t h  I I  g a s t r ic  r e s e c t io n .  A  r o le  in  g a s t r ic  c a rc in o g e n e s is ?
. A n t ic a n c e r  R e s . 2 0 0 0 ;2 0 (3 B ):2 19 7 -2 0 1 .
2 7 4 .  V e la n o v ic h  V .  E s o p h a g o g a s t r e c to m y  w i t h o u t  p y lo r o p la s t y .  D is  E s o p h a g u s .
2 0 0 3 ;  16 ( 3 ) :2 4 3 - 5 .
2 7 5 .  K o n d o  K .  D u o d e n o g a s t r ic  r e f l u x  a n d  g a s t r ic  s tu m p  c a rc in o m a .  G a s t r ic  C a n c e r .  
2 0 0 2 ; 5 ( l ) : 1 6 - 2 2 .
2 7 6 .  W P  R . A lk a l i n e  r e f l u x  g a s t r i t is .  G a s te ro e n te r o l  C l i n  N o r t h  A m .  1 9 9 4 ;2 3 :2 8 1 - 9 4 .
2 7 7 .  B r o u g h  W A ,  T a y lo r  T V ,  T o r r a n c e  H B .  T h e  s u r g ic a l  fa c to r s  in f lu e n c in g  
d u o d e n o g a s t r ic  r e f lu x .  B r  J S u rg .  1 9 8 4  0 c t ;7 1 ( 1 0 ) :7 7 0 ~ 3 .
2 7 8 .  K u r a n  S P E , A y d o g  G ,  K a c a r  S , S a s m a z  N ,  O z d e n  A  e t  a l.  B i le  r e f l u x  in d e x  a f te r  
th e r a p e u t ic  b i l i a r y  p ro c e d u r e s .  B M C  G a s t r o e n te r o lo g y .  2 0 0 8 ;8 :4 .
2 7 9 .  Y u m ib a  T  K H ,  N is h ik a w a  K ,  In o u e  Y ,  I t o  T ,  M a tu s d a  H .  Im p a c t  o f  o e s o p h a g e a l 
b i le  e x p o s u re  o n  th e  g e n e s is  o f  r e f l u x  o e s o p h a g it is  in  th e  a b s c e n c e  o f  g a s t r ic  a c id  a f te r  
t o ta l  g a s t r e c to m y .  A m e r ic a n  J o u rn a l o f  G a s t r o e n te r o lo g y .  2 0 0 2 ;9 7 ( 7 ) :  1 6 4 7 -5 2 .
2 8 0 .  M a r s h a l l  R E  A A ,  O w e n  W A ,  O w e n  W J .  In v e s t ig a t io n  o f  o e s o p h a g e a l r e f l u x  
s y m p to m s  a f te r  g a s t r ic  s u r g e r y  w i t h  c o m b in e d  p H  a n d  b i l i r u b i n  m o n i t o r in g  B r i t i s h  
J o u rn a l o f  S u r g e ry .  1 9 9 9 ;8 6 :2 7 1 - 5 .
2 8 1 .  W e s t h o f f  B C  W A ,  C h e r ia n  R ,  S h a rm a  P . D e v e lo p m e n t  o f  B a r re t t 's  o e s o p h a g u s  
s ix  m o n th s  a f te r  t o ta l  g a s t re c to m y .  A m e r ic a n  J o u rn a l G a s t r o e n te r o lo g y .  2 0 0 4 ;9 9 :2 2 7 1 - 7 .
2 8 2 .  N o r ih i r o  Y  T A ,  E i j i  S , M a s a h id e  F ,  Y u j i  N ,  R y o j i  M .  C o m p a r is o n  o f  
g a s t ro e s o p h a g e a l r e f l u x  in  1 0 0  p a t ie n ts  w i t h  o r  w i t h o u t  p r io r  g a s t ro e s o p h a g e a l s u rg e r y .  J 
G a s t ro e n te ro l .  2 0 0 9 ;4 4 :6 5 0 - 8 .
2 8 3 .  P ib r a m  B O C .  P o s t - c h o le c y s te c to m y  s y n d ro m e s .  J A M A .  1 9 5 0 ; 1 4 2 :1 2 6 2 .
2 8 4 .  W i ls o n  P  JJ , H in d e r  R A ,  A n s e lm in o  M ,  P e r d ik is  G , U e d a  R K ,  D e M e e s te r  T R .  
P a th o lo g ic  d u o d e n o g a s t r ic  r e f l u x  a s s o c ia te d  w i t h  p e rs is te n c e  o f  s y m p to m s  a f te r  
c h o le c y s te c to m y .  S u r g e ry .  1 9 9 5 ;1 1 7 :4 2 1 - 8 .
2 8 5 .  P e r d ik is  G ,  W i ls o n  P , H in d e r  R ,  R e d m o n d  E , W e ts c h e r  G ,  N e a r y  P , e t  a l.  A l t e r e d  
a n t ro d u o d e n a l  m o t i l i t y  a f te r  c h o le c y s te c to m y .  A m  J S u rg .  1 9 9 4  D e c ;  1 6 8 ( 6 ) :6 0 9 - 1 4 ;  
d is c u s s io n  1 4 -5 .
2 8 6 .  M c D o n n e l l  C O ,  B a i le y  I ,  S t u m p f  T ,  W a ls h  T N ,  J o h n s o n  C D .  T h e  e f f e c t  o f  
c h o le c y s te c to m y  o n  p la s m a  c h o le c y s to k in in .  A m  J G a s t ro e n te ro l .  2 0 0 2  S e p ;9 7 ( 9 ) :2 1 8 9 -
9 2 .
2 8 7 .  A L  W .  B i l e  g a s t r i t is  w i t h o u t  p r io r  g a s t r ic  s u rg e r y :  c o n t r ib u t in g  r o le  o f  
c h o le c y s te c to m y .  A m e r ic a n  J o u rn a l S u r g e ry .  1 9 7 9 ;1 3 7 :5 2 7 - 3 1 .
2 8 8 .  B r o u g h  W A  T T ,  T o r r a n c e  H B .  T h e  e f f e c t  o f  c h o le c y s te c to m y  o n  d u o d e n o g a s t r ic  
r e f l u x  in  d o g s  in  h u m a n s .  S c a n d  J o u rn a l G a s t r o e n te r o l  S u p p l.  1 9 8 4 ;9 2 :2 4 2 -4 .
2 8 9 .  M u l le r - L is s n e r  S A  S N ,  H e in r ic h  C . B i l e  s a lt  r e f l u x  a f te r  c h o le c y s te c to m y .  S c a n d  
J o u r n a l  G a s t r o e n te r o l  S u p p l.  1 9 8 7 ;1 3 9 :2 0 - 4 .
2 9 0 .  B r o w n  T H  W G ,  C h e a d le  W G ,  L a rs o n  G M .  T h e  a lk a l in e  s h i f t  in  g a s t r ic  p H  a f te r  
c h o le c y s te c to m y  A m e r ic a n  J o u rn a l S u r g e ry .  1 9 8 9 ;1 5 7 :5 8 - 6 5 .
2 9 1 .  C h e a d le  W G  P V ,  M a c k ie  C R ,  C u s h ie r i  A .  E f f e c t  o f  g a l lb la d d e r  f u n c t io n  o n  
d u o d e n o - g a s t r ic  r e f lu x .  G u t .  1 9 8 4 ;2 5 :1 1 3 8 .
2 9 2 .  D . A .  M c N a m a r a  K O D ,  P .G .  H o r g a n ,  W . A .  T a n n e r ,  F . B . V .  K e a n e . S y m p to m s  o f  
O e s o p h a g e a l R e f lu x  a re  M o r e  C o m m o n  F o l lo w in g  L a p a r o s c o p ic  C h o le c y s te c to m y  T h a n  
in  a  C o n t r o l  P o p u la t io n .  I r is h  J o u r n a l  M e d ic a l  S c ie n c e .  1 9 9 8 ; 1 6 7 :1 1 - 3 .
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2 9 3 .  R o t h w e l l  J F  L P ,  B y r n e  P J , W a ls h  T N ,  H e n n e s s y  T P .  C h o le c y s te c to m y  in d u c e d  
g a s tro -o e s o p h a g e a l r e f lu x :  Is  i t  re d u c e d  b y  la p a r o s c o p ic  a p p ro a c h ?  A m e r ic a n  J o u rn a l 
G a s t r o e n te r o lo g y .  1 9 9 7 ;9 2 :1 3 5 1 - 4 .
2 9 4 .  M c M a h o n  A J ,  R o s s ,  S ., B a x te r ,  J .N . ,  R u s s e l l ,  I . T . ,  A n d e r s o n ,  J .R . ,  M o r a n ,  C .G . ,  
S u n d e r la n d ,  G . T . ,  G a l lo w a y ,  D .J . ,  O 'D w y e r ,  P .J . S y m p to m a t ic  o u t c o m e l  y e a r  a f te r  
la p a ro s c o p ic  a n  m in i - la p a r o t o m y  c h o le c y s te c to m y :  a  r a n d o m iz e d  t r ia l .  B r i t i s h  J o u rn a l o f  
S u r g e ry .  1 9 9 5 ;8 2 :1 3 7 8 - 8 2 .
2 9 5 .  H  H .  R e la t io n s h ip  o f  p r e v io u s  c h o le c y s te c to m y  to  o e s o p h a g it is  a n d  
g a s t ro d u o d e n a l u lc e rs .  H e p a to g a s t r o e n te r o lo g y .  1 9 8 7 ;3 4 :7 4 - 8 .
‘ 2 9 6 .  B h a t  N a d e e m  A h m a d  W N A ,  W a n i  K h u r s h id  A a la m ,  S y e d  M u s h ta q  A h m a d ,
K h a n  S h a u k a t  H u s s a in .  D u o d e n o g a s t r ic  R e f lu x ,  a n  im p o r t a n t  c a u s e  o f  p o s t  
c h o le c y s te c to m y  s y m p to m s .  J K - P r a c t i t io n e r .  2 0 0 3 ;  1 6 (3 ) :  1 8 8 -9 0 .
2 9 7 .  C a m e r o n  J L ,  G a d a c z  T R .  L a p a r o s c o p ic  c h o le c y s te c to m y .  A n n  S u rg .  1 9 9 1  
J a n ; 2 1 3 ( l ) : l - 2 .
2 9 8 .  C a m e r o n  A J ,  L o m b o y  C T .  B a r r e t t 's  e s o p h a g u s : a g e , p re v a le n c e ,  a n d  e x te n t  o f  
c o lu m n a r  e p i th e l iu m .  G a s t r o e n te r o lo g y .  1 9 9 2  O c t ;  1 0 3 (4 ) :  1 2 4 1 -5 .
2 9 9 .  A d e n iy i  K O .  G a s t r ic  a c id  s e c re t io n  a n d  p a r ie ta l  c e l l  m a s s : e f f e c t  o f  s e x  
h o rm o n e s .  G a s t r o e n te r o lo g y .  1 9 9 1  J u l ;  1 0 l ( l ) : 6 6 - 9 .
3 0 0 .  M a c h o w s k a  A  B T ,  S l iw o w s k i  Z ,  P a w l ik  M ,  K o n t u r e k  P C , P a jd o  R , P a w l ik  W W .  
G a s t r ic  s e c re t io n ,  p r o in f la m m a t o r y  c y to k in e s  a n d  e p id e r m a l g r o w t h  f a c t o r  ( E G F )  in  th e  
d e la y e d  h e a l in g  o f  l in g u a l  a n d  g a s t r ic  u lc e r a t io n s  b y  te s to s te ro n e .  
I n f la m m o p h a r m a c o lo g y .  2 0 0 8 ;1 6 :4 0 - 7 .
3 0 1 .  G i la n i  S N ,  B a s s  G ,  L e a d e r  F , W a ls h  T N .  C o l l in s '  s ig n :  v a l id a t io n  o f  a  c l in ic a l  
s ig n  in  c h o le l i t h ia s is .  I r  J M e d  S c i.  2 0 0 9  D e c ; 1 7 8 ( 4 ) :3 9 7 - 4 0 0 .
3 0 2 .  N a s r  A O ,  D i l l o n  M F ,  C o n lo n  S , D o w n e y  P , C h e n  G ,  I r e la n d  A ,  e t  a l.  A c id  
s u p p re s s io n  in c re a s e s  ra te s  o f  B a r re t t 's  e s o p h a g u s  a n d  e s o p h a g e a l i n ju r y  in  th e  p re s e n c e  
o f  d u o d e n a l r e f lu x .  S u r g e ry .  2 0 1 1  O c t  2 2 .
3 0 3 .  O b e r g  S D T ,  P e te rs  J H ,  H a g e n  J A ,  N ig r o  JJ , D e M e e s te r  S R  e t  a l.  T h e  e x te n t  o f  
B a r r e t t ’s o e s o p h a g u s  d e p e n d s  o n  th e  s ta tu s  o f  th e  lo w e r  e s o p h a g e a l s p h in c te r  a n d  th e  
d e g re e  o f  e s o p h a g e a l a c id  e x p o s u r e  J T h o r a c  C a r d io v a s c  S u rg .  1 9 9 9 ; 1 1 7 :5 7 2 - 8 0 .
3 0 4 .  S h a r i f f  M K  S P , L o m b a r d  M ,  P u n e k a r  M .  L a p a r o s c o p ic  c h o le c y s te c to m y  ra te s  in  
I r e la n d :  R e c e n t  T re n d s .  G u t .  2 0 0 2 ;5 0 :5 5 - 8 .
3 0 5 .  J L  S. C u r r e n t  s ta tu s  o f  c o n v e n t io n a l  ( o p e n )  v e rs u s  la p a r o s c o p ic  c h o le c y s te c to m y .  
A n n  S u rg .  1 9 9 6 ;2 2 3 :1 -3 .
3 0 6 .  K o o p  I.  R o le  o f  b i le  a c id s  in  th e  c o n t r o l  o f  p a n c re a t ic  s e c re t io n  a n d  C C K  re le a s e . 
E u r  J C l in  In v e s t .  1 9 9 0  0 c t ; 2 0  S u p p l 1 : S 5 1 -7 .
3 0 7 .  S z a n to  I ,  V o r o s  A ,  G o n d a  G , N a g y  P , C s e re p e s  E , G a m a l E M ,  e t a l.  [E s o p h a g e a l 
im p la n t a t io n  m e ta s ta s is  f r o m  a d e n o c a r c in o m a  o f  th e  c a r d ia ] .  M a g y  S e b . 2 0 0 1  
D e c ;5 4 ( 6 ) :3 9 3 - 6 .
3 0 8 .  M a n i f o ld  D K ,  A n g g ia n s a h  A ,  O w e n  W J .  E f f e c t  o f  c h o le c y s te c to m y  o n  
g a s tro e s o p h a g e a l a n d  d u o d e n o g a s t r ic  r e f lu x .  A m  J G a s t r o e n te r o l .  2 0 0 0  
O c t ; 9 5 ( l  0 ) :2 7 4 6 - 5 0 .
3 0 9 .  F re e d m a n  J Y W ,  N a s lu n d  E , L a g e r g r e n  J . A s s o c ia t io n  b e tw e e n  c h o le c y s te c to m y  
a n d  a d e n o c a r c in o m a  o f  th e  e s o p h a g u s .  G a s t r e n te r o lo g y .  2 0 0 1 ;1 2 1 ( 3 ) :5 4 8 - 5 3 .
3 1 0 .  S o ra n  A  E N ,  C o l  C ,  A s la r  K ,  C e te  M ,  H e n g r im e n  S . E f f e c t  o f  c h o le c y s te c to m y  
o n  D u o d e n o g a s t r ic  r e f lu x ,  g a s t r ic  m u c o s a  a n d  s e ru m  g a s t r in  le v e l .  N a g o y a  M e d ic a l  
J o u r n a l .  2 0 0 0 ;4 4 (  1 ): 1 9 -2 5 .
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3 1 1 .  C a r b o l  J N X ,  S im o - D e u  J , S e g u ra  R . E v a lu a t io n  o f  d u o d e n o g a s t r ic  r e f l u x  in  
g a l ls to n e  d is e a s e  b e fo r e  a n d  a f te r  s im p le  c h o le c y s te c to m y .  A m e r ic a n  J o u r n a l  S u r g e ry .  
1 9 9 0 ;1 6 0 :2 8 3 - 6 .
3 1 2 .  B r o u g h  W A  T T ,  T o r r a n c e  H B .  T h e  e f f e c t  o f  c h o le c y s te c to m y  o n  d u o d e n o g a s t r ic  
r e f l u x  in  p a t ie n ts  w i t h  p r e v io u s  p e p t ic  u lc e r  s u rg e r y .  S c a n d  J o u r n a l  G a s t r o e n te r o l  S u p p l.  
1 9 8 4 ;1 9 :2 5 5 -6 .
3 1 3 .  B r o u g h  W A  T T ,  T o r r a n c e  H B .  T h e  s u r g ic a l  fa c to r s  in f lu e n c in g  d u o d e n o g a s t r ic  
r e f lu x  B r i t i s h  J o u r n a l  o f  S u r g e ry .  1 9 8 4 ;7 1 ( 1 0 ) :7 7 0 -3 .
3 1 4 .  W i ls o n  P , W e lc h  N T ,  H in d e r  R A ,  A n s e lm in o  M ,  H e r r in g t o n  M K ,  D e M e e s te r  
T R ,  e t  a l.  A b n o r m a l  p la s m a  g u t  h o rm o n e s  in  p a t h o lo g ic  d u o d e n o g a s t r ic  r e f l u x  a n d  t h e i r  
re s p o n s e  to  s u rg e r y .  A m  J S u rg .  1 9 9 3  J a n ; 1 6 5 (1 ) :  1 6 9 -7 6 ;  d is c u s s io n  7 6 -7 .
3 1 5 .  B o u la n t  J , M a t h ie u  S , D 'A m a t o  M ,  A b e r g e l  A ,  D a p o ig n y  M ,  B o m m e la e r  G . 
C h o le c y s t o k in in  in  t r a n s ie n t  lo w e r  o e s o p h a g e a l s p h in c te r  r e la x a t io n  d u e  to  g a s t r ic  
d is te n s io n  in  h u m a n s .  G u t .  1 9 9 7  M a y ; 4 0 ( 5 ) : 5 7 5 -8 1 .
3 1 6 .  Z e r b ib  F , B r u le y  D e s  V a r a n n e s  S , S c a r p ig n a to  C ,  L e r a y  V ,  D 'A m a t o  M ,  R o z e  C , 
e t a l.  E n d o g e n o u s  c h o le c y s to k in in  in  p o s tp r a n d ia l  lo w e r  e s o p h a g e a l s p h in c te r  f u n c t io n  
a n d  f u n d ic  to n e  in  h u m a n s .  A m  J P h y s io l .  1 9 9 8  D e c ;2 7 5 ( 6  P t  1 ) :G  1 2 6 6 -7 3 .
3 1 7 .  C la v e  P , G o n z a le z  A ,  M o r e n o  A ,  L o p e z  R , F a r r e  A ,  C u s s o  X ,  e t  a l.  E n d o g e n o u s  
c h o le c y s to k in in  e n h a n c e s  p o s tp r a n d ia l  g a s tro e s o p h a g e a l r e f l u x  in  h u m a n s  th r o u g h  
e x t r a s p h in c te r ic  r e c e p to rs .  G a s t r o e n te r o lo g y .  1 9 9 8  S e p ; l  1 5 ( 3 ) :5 9 7 - 6 0 4 .
3 1 8 .  B o u la n t  J F J , D a p o ig n y  M ,  B o m m e la e r  G ,  B u e n o  L .  C h o le c y s t o k in n in  a n d  n i t r i c  
o x id e  in  t r a n s ie n t  lo w e r  o e s o p h a g e a l s p h in c te r  r e la x a t io n  to  g a s t r ic  d is te n t io n  in  d o g s .  
G a s t r e n te r o lo g y .  1 9 9 4 ;  1 0 7 :1 0 5 9 - 6 6 .
3 1 9 .  K u n s c h  S , N e e s s e  A ,  H u t h  J , S te in k a m p  M ,  K la u s  J , A d le r  G , e t  a l.  In c re a s e d  
D u o d e n o - G a s t r o - E s o p h a g e a l  R e f lu x  ( D G E R )  in  s y m p to m a t ic  G E R D  p a t ie n ts  w i t h  a  
h is t o r y  o f  c h o le c y s te c to m y .  Z  G a s t r o e n te r o l .  2 0 0 9  A u g ; 4 7 ( 8 ) : 7 4 4 -8 .
3 2 0 .  K a l im a  T ,  S jo b e r g  J . B i l e  r e f l u x  a f te r  c h o le c y s te c to m y .  S c a n d  J G a s t r o e n te r o l  
S u p p l.  1 9 8 1 ;6 7 :1 5 3 - 6 .
3 2 1 .  K o e ls c h  K A ,  K u h n e  C ,  Z e m l in  C . [P o s t - c h o le c y s te c to m y  c o n d i t io n :  d u o d e n o ­
g a s t r ic  r e f l u x  a n d  b i le  a c id  c o n c e n t r a t io n  in  th e  g a s t r ic  j u i c e ] .  Z  G e s a m te  I n n  M e d .  1 9 7 9  
J u l l ; 3 4 ( 1 3 ) : 3 6 1 - 4 .
3 2 2 .  L o r r u s o  D  M G ,  M a n g in i  V ,  M e s s a  C ,  C a v a l l in i  A ,  C a r u s o  M L ,  G io r g io  P ,
G u e r r a  V .  D u o d e n o g a s t r ic  r e f l u x  o f  b i le  a c id s ,  g a s t r in  a n d  p a r ie ta l  c e l ls ,  a n d  g a s t r ic  a c id  
s e c re t io n  b e fo r e  a n d  s ix  m o n th s  a f te r  c h o le c y s te c to m y .  A m  J S u rg .  1 9 9 0 ;1 5 9 :5 7 5 - 8 .
3 2 3 .  B r o w n  L M ,  D e v e s a  S S , C h o w  W H .  In c id e n c e  o f  a d e n o c a r c in o m a  o f  th e  
e s o p h a g u s  a m o n g  w h i t e  A m e r ic a n s  b y  s e x , s ta g e , a n d  a g e . J N a t l  C a n c e r  I n s t  2 0 0 8  A u g  
2 0 ; 1 0 0 ( 1 6 ) : 1 1 8 4 -7 .
3 2 4 .  P o h l H ,  W e lc h  H G .  T h e  r o le  o f  o v e r d ia g n o s is  a n d  r e c la s s i f ic a t io n  in  th e  m a r k e d  
in c re a s e  o f  e s o p h a g e a l a d e n o c a r c in o m a  in c id e n c e .  J N a t l  C a n c e r  In s t .  2 0 0 5  J a n  
1 9 ;9 7 ( 2 ) :1 4 2 - 6 .
3 2 5 .  E lo u b e id i  M A ,  M a s o n  A C ,  D e s m o n d  R A ,  E l- S e r a g  H B .  T e m p o r a l  t r e n d s  ( 1 9 7 3 -  
1 9 9 7 )  in  s u r v iv a l  o f  p a t ie n ts  w i t h  e s o p h a g e a l a d e n o c a r c in o m a  in  th e  U n i t e d  S ta te s : a  
g l im m e r  o f  h o p e ?  A m  J  G a s t ro e n te ro l .  2 0 0 3  J u l ; 9 8 ( 7 ) :  1 6 2 7 -3 3 .
3 2 6 .  S a a d i A  F R .  M e c h a n is m s  u n d e r ly in g  th e  p ro g r e s s io n  o f  B a r r e t t 's  o e s o p h a g u s .  
D r u g  D is c o v e r y  T o d a y :  D is e a s e  M e c h a n is m a .  2 0 0 6 ;3 ( 4 ) .
3 2 7 .  C o n io  M ,  L a p e r to s a  G ,  B la n c h i  S , F i l i b e r t i  R . B a r r e t t 's  e s o p h a g u s :  a n  u p d a te .  
C r i t  R e v  O n c o l  H e m a to l .  2 0 0 3  M a y ; 4 6 ( 2 ) :  1 8 7 -2 0 6 .
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3 2 8 .  G  F . B a r r e t t 's  O e s o p h a g u s .  G a s t r o e n te r o lo g y .  2 0 0 2 ;1 2 2 :1 5 6 9 - 9 1 .
3 2 9 .  K y r g id i s  A ,  K o u n to u r a s  J , Z a v o s  C , C h a tz o p o u lo s  D .  N e w  m o le c u la r  c o n c e p ts  o f  
B a r r e t t 's  e s o p h a g u s :  c l in ic a l  im p l ic a t io n s  a n d  b io m a r k e r s .  J  S u r g  R e s . 2 0 0 5  M a y
1 5 ; 1 2 5 (2 ) :  1 8 9 -2 1 2 .
3 3 0 .  O h a s h i K ,  H o r ig u c h i  S , M o r iy a m a  S , H is h im a  T ,  H a y a s h i  Y ,  M o m m a  K ,  e t  a l.  
S u p e r f ic ia l  b a s a lo id  s q u a m o u s  c a r c in o m a  o f  th e  e s o p h a g u s .  A  c l in ic o p a t h o lo g ic a l  a n d  
im m u n o h is to c h e m ic a l  s tu d y  o f  12  ca s e s . P a th o l  R e s  P ra c t .  2 0 0 3 ;  1 9 9 ( 1 1 ) : 7 1 3 -2 1 .
3 3 1 .  S o u z a  R F ,  S h e w m a k e  K ,  B e e r  D G ,  C r y e r  B ,  S p e c h le r  S J. S e le c t iv e  in h ib i t i o n  o f  
c y c lo o x y g e n a s e - 2  s u p p re s s e s  g r o w t h  a n d  in d u c e s  a p o p to s is  in  h u m a n  e s o p h a g e a l 
a d e n o c a r c in o m a  c e l ls .  C a n c e r  R e s . 2 0 0 0  O c t  1 5 ;6 0 ( 2 0 ) :5 7 6 7 - 7 2 .
3 3 2 .  A t t w o o d  S E , S m y r k  T C ,  D e M e e s te r  T R ,  M i r v i s h  S S , S te in  H J ,  H in d e r  R A .  
D u o d e n o e s o p h a g e a l r e f l u x  a n d  th e  d e v e lo p m e n t  o f  e s o p h a g e a l a d e n o c a r c in o m a  in  ra ts . 
S u r g e ry .  1 9 9 2  M a y ; l l l ( 5 ) : 5 0 3 - 1 0 .
3 3 3 .  M i w a  K ,  H a t t o r i  T ,  M iy a z a k i  I .  D u o d e n o g a s t r ic  r e f l u x  a n d  fo r e g u t  
c a rc in o g e n e s is .  C a n c e r .  1 9 9 5  M a r  1 5 ;7 5 ( 6  S u p p l) :  1 4 2 6 -3 2 .
3 3 4 .  F re e d m a n  J, Y e  W ,  N a s lu n d  E ,  L a g e r g r e n  J . A s s o c ia t io n  b e tw e e n  
c h o le c y s te c to m y  a n d  a d e n o c a r c in o m a  o f  th e  e s o p h a g u s . G a s t r o e n te r o lo g y .  2 0 0 1  
S e p ;1 2 1 ( 3 ) :5 4 8 - 5 3 .
3 3 5 .  Y o u n e s  M ,  L e c h a g o  J, C h a k r a b o r t y  S , O s t r o w s k i  M ,  B r id g e s  M ,  M e r ia n o  F , e t  
a l.  R e la t io n s h ip  b e tw e e n  d y s p la s ia ,  p 5 3  p r o t e in  a c c u m u la t io n ,  D N A  p lo id y ,  a n d  G l u t l  
o v e r e x p r e s s io n  in  B a r r e t t  m e ta p la s ia .  S c a n d  J G a s t r o e n te r o l .  2 0 0 0  F e b ;3 5 ( 2 ) :1 3 1 - 7 .
3 3 6 .  S h a h e e n  N ,  R a n s o h o f f  D F .  G a s tro e s o p h a g e a l r e f l u x ,  B a r r e t t  e s o p h a g u s , a n d  
e s o p h a g e a l c a n c e r :  c l in ic a l  a p p l ic a t io n s .  J A M A .  2 0 0 2  A p r  1 7 ;2 8 7 (  1 5 ): 1 9 8 2 - 6 .
3 3 7 . R o s s  E  Z D .  P o s t  C h o le c y s te c to m y  s u m p to m s :  A  p r o s p e c t iv e  s tu d y  o f  g a l ls to n e  
p a t ie n ts  b e fo r e  a n d  t w o  y e a rs  a f t e r  s u rg e r y .  G u t .  1 9 8 7 ;2 8 :1 5 0 0 - 4 .
3 3 8 .  B a te s  T ,  E b b s  S R , H a r r is o n  M ,  A 'H e m  R P . In f lu e n c e  o f  c h o le c y s te c to m y  o n  
s y m p to m s .  B r  J S u rg .  1 9 9 1  A u g ; 7 8 ( 8 ) : 9 6 4 - 7 .
3 3 9 .  R h o d e s  J , B a r n a r d o  D E ,  P h i l l i p s  S F , R o v e ls ta d  R A ,  H o f m a n n  A F .  In c re a s e d  
r e f lu x  o f  b i le  in to  th e  s to m a c h  in  p a t ie n ts  w i t h  g a s t r ic  u lc e r .  G a s t r o e n te r o lo g y .  1 9 6 9  
S e p ;5 7 ( 3 ) :2 4 1 - 5 2 .
3 4 0 .  H a r m o n  J W ,  D o o n g  T ,  G a d a c z  T R .  B i le  a c id s  a re  n o t  e q u a l ly  d a m a g in g  t o  th e  
g a s t r ic  m u c o s a . S u r g e ry .  1 9 7 8  J u l ; 8 4 ( l ) : 7 9 - 8 6 .
3 4 1 .  B e r n s te in  H ,  B e r n s te in  C ,  P a y n e  C M ,  D v o r a k  K .  B i l e  a c id s  as e n d o g e n o u s  
e t io lo g ic  a g e n ts  in  g a s t r o in te s t in a l  c a n c e r .  W o r ld  J  G a s t ro e n te ro l .  2 0 0 9  J u l 
2 1 ;1 5 ( 2 7 ) :3 3 2 9 - 4 0 .
3 4 2 .  B e r n s te in  H ,  B e r n s te in  C ,  P a y n e  C M ,  D v o r a k o v a  K ,  G a r e w a l  H .  B i le  a c id s  as 
c a rc in o g e n s  in  h u m a n  g a s t r o in te s t in a l  c a n c e rs . M u t a t  R e s . 2 0 0 5  J a n ; 5 8 9 ( l ) : 4 7 - 6 5 .
3 4 3 .  F a lk  G W .  B a r r e t t 's  e s o p h a g u s . G a s t r o e n te r o lo g y .  2 0 0 2  M a y ;  1 2 2 (6 ) :  1 5 6 9 -9 1 .
3 4 4 .  N e h r a  D ,  H o w e l l  P , W i l l i a m s  C P ,  P y e  J K ,  B e y n o n  J. T o x ic  b i le  a c id s  in  g a s t r o -  
o e s o p h a g e a l r e f l u x  d is e a s e : in f lu e n c e  o f  g a s t r ic  a c id i t y .  G u t .  1 9 9 9  M a y ; 4 4 ( 5 ) : 5 9 8 - 6 0 2 .
3 4 5 .  M e n g e s  M ,  M u l l e r  M ,  Z e i t z  M .  In c re a s e d  a c id  a n d  b i le  r e f l u x  in  B a r r e t t 's  
e s o p h a g u s  c o m p a r e d  to  r e f l u x  e s o p h a g it is ,  a n d  e f f e c t  o f  p r o t o n  p u m p  in h ib i t o r  th e ra p y .  
A m  J G a s t r o e n te r o l .  2 0 0 1  F e b ;9 6 ( 2 ) :3 3 1 - 7 .
3 4 6 .  D v o r a k  K ? P a y n e  C M ,  C h a v a r r ia  M ,  R a m s e y  L ,  D v o r a k o v a  B ,  B e r n s te in  H ,  e t  a l.  
B i l e  a c id s  in  c o m b in a t io n  w i t h  lo w  p H  in d u c e  o x id a t iv e  s tre s s  a n d  o x id a t iv e  D N A  
d a m a g e : r e le v a n c e  to  th e  p a th o g e n e s is  o f  B a r r e t t 's  o e s o p h a g u s . G u t .  2 0 0 7  
J u n ;5 6 ( 6 ) :7 6 3 - 7 1 .
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3 4 7 . W h i t t le s  C E ,  B id d le s to n e  L R ? B u r t o n  A ,  B a r r  H ,  J a n k o w s k i  J A ,  W a r n e r  P J , e t  a l.  
A p o p t o t i c  a n d  p r o l i f e r a t i v e  a c t i v i t y  in  th e  n e o p la s t ic  p ro g r e s s io n  o f  B a r r e t t 's  
o e s o p h a g u s :  a  c o m p a r a t iv e  s tu d y .  J P a th o l.  1 9 9 9  A p r ; 1 8 7 ( 5 ) : 5 3 5 - 4 0 .
3 4 8 .  S u z u k i  K ,  B r u c e  W R .  In c re a s e  b y  d e o x y c h o l ic  a c id  o f  th e  c o lo n ic  n u c le a r  
d a m a g e  in d u c e d  b y  k n o w n  c a rc in o g e n s  in  C 5 7 B L / 6 J  m ic e .  J N a t l  C a n c e r  In s t .  1 9 8 6  
J u n ; 7 6 ( 6 ) : l  1 2 9 -3 2 .
3 4 9 .  K u lk a m i  M S ,  C o x  B A ,  Y ie ld in g  K L .  R e q u ir e m e n ts  f o r  in d u c t io n  o f  D N A  s t ra n d
b re a k s  b y  l i t h o c h o l i c  a c id .  C a n c e r  R e s . 1 9 8 2  J u l ; 4 2 ( 7 ) :2 7 9 2 - 5 .
3 5 0 .  H ia s a  Y ,  K o n is h i  Y ,  K a m a m o to  Y ,  W a ta n a b e  T ,  I t o  N .  E f f e c t  o f  l i t h o c h o l i c  a c id
o n  D L - e t h io n in e  c a rc in o g e n e s is  in  r a t  l i v e r .  G a n n .  1 9 7 1  A u g ; 6 2 ( 4 ) : 2 3 9 - 4 5 .
3 5 1 .  N a r is a w a  T ,  M a g a d ia  N E ,  W e is b u r g e r  J H ,  W y n d e r  E L .  P r o m o t in g  e f f e c t  o f  b i le  
a c id s  o n  c o lo n  c a rc in o g e n e s is  a f te r  in t r a r e c ta l  in s t i l la t io n  o f  N - m e t h y l - N '- n i t r o - N -  
n i t r o s o g u a n id in e  in  ra ts .  J N a t l  C a n c e r  In s t .  1 9 7 4  O c t ;5 3 ( 4 ) :  1 0 9 3 -7 .
3 5 2 .  R e d d y  B S ,  M a s t r o m a r in o  A ,  G u s ta fs o n  C , L i p k i n  M ,  W y n d e r  E L .  F e c a l b i le  
a c id s  a n d  n e u tr a l  s te ro ls  in  p a t ie n ts  w i t h  f a m i l i a l  p o ly p o s is .  C a n c e r .  1 9 7 6  
O c t ;3 8 ( 4 ) :  1 6 9 4 -8 .
3 5 3 . S v e n s s o n  J O . D u o d e n o g a s t r ic  r e f l u x  a f te r  g a s t r ic  s u rg e r y .  S c a n d  J G a s t r o e n te r o l .  
1 9 8 3  S e p ;1 8 ( 6 ) :7 2 9 - 3 4 .
3 5 4 .  R ic h t e r  J E . Im p o r ta n c e  o f  b i le  r e f l u x  in  B a r r e t t 's  e s o p h a g u s .  D ig  D is .  
2 0 0 0 ;1 8 ( 4 ) :2 0 8 - 1 6 .
3 5 5 .  K o e k  G H ,  S i f r im  D ,  L e r u t  T ,  J a n s s e n s  J , T a c k  J . M u l t i v a r ia t e  a n a ly s is  o f  th e  
a s s o c ia t io n  o f  a c id  a n d  d u o d e n o - g a s t r o -o e s o p h a g e a l r e f l u x  e x p o s u r e  w i t h  th e  p re s e n c e  
o f  o e s o p h a g it is ,  th e  s e v e r i t y  o f  o e s o p h a g it is  a n d  B a r r e t t 's  o e s o p h a g u s .  G u t .  2 0 0 8  
A u g ; 5 7 ( 8 ) :  1 0 5 6 -6 4 .
3 5 6 .  V o u t i la in e n  M ,  F a r k k i la  M ,  J u h o la  M ,  N u o r v a  K ,  M a u r a n e n  K ,  M a n ty n e n  T ,  e t 
a l.  S p e c ia l iz e d  c o lu m n a r  e p i t h e l iu m  o f  th e  e s o p h a g o g a s t r ic  j u n c t io n :  p re v a le n c e  a n d  
a s s o c ia t io n s .  T h e  C e n t r a l  F in la n d  E n d o s c o p y  S tu d y  G r o u p .  A m  J  G a s t ro e n te ro l.  1 9 9 9  
A p r ; 9 4 ( 4 ) :9 1 3 - 8 .
3 5 7 .  I z b e k i  F , R o s z to c z y  A l ,  Y o b u t a  J S , R o k a  R ,  L o n o v ic s  J , W i t t m a n n  T .  In c re a s e d  
p r e v a le n c e  o f  g a l ls to n e  d is e a s e  a n d  im p a ir e d  g a l lb la d d e r  m o t i l i t y  in  p a t ie n ts  w i t h  
B a r r e t t 's  e s o p h a g u s . D ig  D is  S c i.  2 0 0 8  A u g ; 5 3 ( 8 ) : 2 2 6 8 - 7 5 .
3 5 8 .  J o h n s to n  D E ,  K a p la n  M M .  P a th o g e n e s is  a n d  t r e a tm e n t  o f  g a l ls to n e s .  N  E n g l  J 
M e d .  1 9 9 3  F e b  1 1 ;3 2 8 ( 6 ) :4 1 2 - 2 1 .
3 5 9 .  M a ts u z a k i  J , S u z u k i  H ,  A s a k u r a  K ,  S a ito  Y ,  H i r a ta  K ,  T a k e b a y a s h i T ,  e t a l.  
G a l ls to n e s  in c re a s e  th e  p re v a le n c e  o f  B a r r e t t 's  e s o p h a g u s .  J G a s t ro e n te ro l .  2 0 1 0  
F e b ;4 5 ( 2 ) :1 7 1 - 8 .
3 6 0 .  M a r t in  F e in  M B ,  M a r c o  S a i le r ,  K a r l - H e r r m a n n  F u c h s .  E f f e c t  o f  
C h o le c y s te c to m y  o n  G a s t r ic  a n d  E s o p h a g e a l B i le  R e f lu x  in  P a t ie n ts  w i t h  U p p e r  
G a s t r o in te s t in a l  S y m p to m s .  D ig e s t iv e  D is e a s e s . 2 0 0 8 ;5 3 :1 1 8 6 - 9 1 .
3 6 1 .  L a g e r g r e n  J , M a t ts s o n  F . C h o le c y s te c to m y  as a r i s k  f a c t o r  f o r  o e s o p h a g e a l 
a d e n o c a r c in o m a .  B r  J  S u rg .  2 0 1 1  A u g ; 9 8 ( 8 ) :  1 1 3 3 -7 .
3 6 2 .  F a l l  K ,  Y e  W ,  N y r e n  O . R is k  f o r  g a s t r ic  c a n c e r  a f te r  c h o le c y s te c to m y .  A m  J 
G a s t ro e n te ro l .  2 0 0 7  J u n ; 1 0 2 ( 6 ) : l  1 8 0 -4 .
3 6 3 .  N o r t h f i e ld  T C ,  H a l l  C N .  C a r c in o m a  o f  th e  g a s t r ic  s tu m p :  r is k s  a n d  p a th o g e n e s is .  
G u t .  1 9 9 0  N o v ; 3 1 (1 1 ) :  1 2 1 7 -9 .
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3 6 4 .  K a m in is h i  M ,  S h im iz u  N ,  Y a m a g u c h i  H ,  H a s h im o to  M ,  S a k a i S , O o h a r a  T .  
D i f f e r e n t  c a r c in o g e n e s is  in  th e  g a s t r ic  r e m n a n t  a f te r  g a s t r e c to m y  f o r  g a s t r ic  c a n c e r .  
C a n c e r .  1 9 9 6  A p r  1 5 ;7 7 ( 8  S u p p I ) :  1 6 4 6 -5 3 .
3 6 5 .  M i w a  K  F T ,  H a s e g a w a  H ,  K o s a k a  T ,  M iy a t a  R ,  M iy a z a k i  I  a n d  H a to r i  T .  Is  b i le  
o r  a re  p a n c r e a t ic o d u o d e n a l  s e c re t io n s  re la te d  to  g a s t r ic  c a rc in o g e n e s is  in  ra ts  w i t h  r e f lu x  
th r o u g h  p y lo r u s ?  J C a n c e r  R e s  C l i n  O n c o l .  1 9 9 2 ;  1 1 8 :5 7 0 - 4 .
3 6 6 .  C a y g i l l  C P ,  H i l l  M J ,  K i r k h a m  J S , N o r t h f i e ld  T C .  M o r t a l i t y  f r o m  g a s t r ic  c a n c e r  
f o l l o w in g  g a s t r ic  s u r g e r y  f o r  p e p t ic  u lc e r .  L a n c e t .  1 9 8 6  A p r  2 6 ;  1 ( 8 4 8 7 ) : 9 2 9 - 3 1.
3 6 7 .  L u n d e g a r d h  G, A d a m i  H O ,  H e lm ic k  C ? Z a c k  M ,  M e i r i k  O . S to m a c h  c a n c e r  a f te r  
p a r t ia l  g a s t r e c to m y  f o r  b e n ig n  u lc e r  d is e a s e . N  E n g l  J M e d .  1 9 8 8  J u l 2 8 ; 3 1 9 (4 ) ;  1 9 5 -2 0 0 .
3 6 8 .  K i t a o  Y ,  Y a m a n e  T ,  K ik u o k a  N ,  M a t s u m o t o  H ,  O y a  K ,  In a g a k e  M ,  e t  a l.  R is k  
a n a ly s is  o f  c a rc in o g e n e s is  in  th e  r e m n a n t  s to m a c h  w i t h  m e a s u r e m e n t  o f  o r n i t h in e  
d e c a rb o x y la s e  a c t i v i t y .  J  S u r g  O n c o l .  1 9 9 4  S e p ; 5 7 ( l ) : 2 2 - 4 .
3 6 9 .  S c h la g  P , B o c k le r  R ,  U l r i c h  H ,  P e te r  M ,  M e r k le  P , H e r fa r th  C .  A r e  n i t r i t e  a n d  N -  
n i t r o s o  c o m p o u n d s  in  g a s t r ic  j u i c e  r i s k  fa c to r s  f o r  c a r c in o m a  in  th e  o p e ra te d  s to m a c h ?  
L a n c e t .  1 9 8 0  A p r  5 ; 1 (8 1 7 1 ) :7 2 7 - 9 .
3 7 0 .  K o j im a  K ,  Y a m a d a  H ,  I n o k u c h i  M ,  K a w a n o  T ,  S u g ih a ra  K .  A  c o m p a r is o n  o f  
R o u x - e n - Y  a n d  B i l l r o t h - I  r e c o n s t r u c t io n  a f te r  la p a ro s c o p y -a s s is te d  d is ta l  g a s t re c to m y .  
A n n  S u rg .  2 0 0 8  J u n ;2 4 7 ( 6 ) :9 6 2 - 7 .
3 7 1 .  F u k u h a r a  K ,  O s u g i  H ,  T a k a d a  N ,  T a k e m u r a  M ,  H ig a s h in o  M ,  K in o s h i t a  H .  
R e c o n s t r u c t iv e  p ro c e d u r e  a f te r  d is ta l  g a s t r e c to m y  f o r  g a s t r ic  c a n c e r  th a t  b e s t  p re v e n ts  
d u o d e n o g a s t ro e s o p h a g e a l r e f lu x .  W o r ld  J S u rg .  2 0 0 2  D e c ;2 6 (  1 2 ):  1 4 5 2 -7 .
3 7 2 .  K u b o  M ,  S a s a k o  M ,  G o to d a  T ,  O n o  H ,  F u j is h i r o  M ,  S a ito  D ,  e t  a l.  E n d o s c o p ic  
e v a lu a t io n  o f  th e  r e m n a n t  s to m a c h  a f te r  g a s t r e c to m y :  p r o p o s a l  f o r  a  n e w  c la s s i f ic a t io n .  
G a s t r ic  C a n c e r .  2 0 0 2 ;5 ( 2 ) :8 3 - 9 .
3 7 3 .  M o n te s a n i  C ,  D 'A m a t o  A ,  S a n te l la  S , P r o n io  A ,  G io v a n n in i  C ,  C r is t a ld i  M ,  e t  a l.  
B i l l r o t h  I  v e rs u s  B i l l r o t h  I I  v e rs u s  R o u x - e n - Y  a f te r  s u b to ta l  g a s t re c to m y .  P r o s p e c t iv e  
[ c o r r e c t io n  o f  p r e s p e c t iv e ]  r a n d o m iz e d  s tu d y .  H e p a to g a s t r o e n te r o lo g y .  2 0 0 2  S e p -  
O c t ;4 9 ( 4 7 ) :  1 4 6 9 -7 3 .
3 7 4 .  W a ls h  T N ,  R u s s e l l ,  R .C .G .  C h o le c y s te c to m y  a n d  G a l lb la d d e r  c o n s e r v a t io n .  
B r i t i s h  J o u r n a l  o f  S u r g e ry .  1 9 9 2 ;7 9 :4 - 5 .
3 7 5 .  T h is t le  J L ,  M a y  G R ,  B e n d e r  C E ,  W i l l i a m s  H J ,  L e R o y  A J ,  N e ls o n  P E , e t a l.  
D is s o lu t io n  o f  c h o le s te r o l  g a l lb la d d e r  s to n e s  b y  m e t h y l  t e r t - b u t y l  e th e r  a d m in is te r e d  b y  
p e rc u ta n e o u s  t r a n s h e p a t ic  c a th e te r .  N  E n g l  J M e d .  1 9 8 9  M a r  9 ; 3 2 0 ( 1 0 ) :6 3 3 - 9 .
3 7 6 .  Darzi A ,  Monson J R , Keeling P W ,  O'Morain C ,  Tanner W A ,  Keane FB. 
C o m b in e d  u l t r a s o u n d - g u id e d  e x t r a c o r p o r e a l  s h o c k w a v e  l i t h o t r i p s y  a n d  MTBE 
i n s t i l la t io n  in  th e  t r e a tm e n t  o f  c o m m o n  b i le  d u c t  s to n e s . H e p a to g a s t r o e n te r o lo g y .  1991  
F e b ; 3 8 ( l ) : 3 6 - 8 .
3 7 7 .  D a r z i  A ,  G e r a g h ty  J G , W i l l i a m s  N N ,  S h e e h a n  S S , T a n n e r  A N ,  K e a n e  F B .  T h e  
p ro s  a n d  c o n s  o f  la p a r o s c o p ic  c h o le c y s te c to m y  a n d  e x t r a c o r p o r e a l  s h o c k  w a v e  
l i t h o t r i p s y  in  th e  m a n a g e m e n t  o f  g a l ls to n e  d is e a s e . A n n  R  C o l l  S u rg  E n g l .  1 9 9 4  
J a n ; 7 6 ( l ) : 4 2 - 6 .
3 7 8 .  D a r z i  A ,  M o n s o n  J R , O 'M o r a in  C , T a n n e r  W A ,  K e a n e  F B .  E x te n s io n  o f  
s e le c t io n  c r i t e r ia  f o r  e x t r a c o r p o r e a l  s h o c k  w a v e  l i t h o t r i p s y  f o r  g a l l  s to n e s . B M J .  1 9 8 9  
J u l 2 9 ; 2 9 9 ( 6 6 9 4 ) :3 0 2 - 3 .
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3 7 9 .  D a r z i  A ,  e l-S a y e d  E ,  O 'M o r a in  C ,  T a n n e r  W A ,  K e a n e  F B .  P ie z o e le c t r ic  
l i t h o t r ip s y  f o r  g a l ls to n e s :  a n a ly s is  o f  r e s u lts  in  p a t ie n ts  w i t h  e x te n d e d  s e le c t io n .  B r  J 
S u rg .  19 9 1  F e b ;7 8 ( 2 ) :  1 6 3 -6 .
3 8 0 .  R o e h rk a s s e  R ,  F r o m m  H ,  M a la v o l t i  M ,  T u n u g u n t la  A K ,  C e r y a k  S. G a l ls to n e  
d is s o lu t io n  t r e a tm e n t  w i t h  a c o m b in a t io n  o f  c h e n o d e o x y c h o l ic  a n d  u r s o d e o x y c h o l ic  
a c id s .  S tu d ie s  o f  s a fe ty ,  e f f i c a c y  a n d  e f fe c ts  o n  b i le  l i t h o g e n ic i t y ,  b i le  a c id  p o o l ,  a n d  
s e ru m  l ip id s .  D i g  D is  S e i.  1 9 8 6  0 c t ; 3 1 ( 1 0 ) : 1 0 3 2 - 4 0 .
3 8 1 .  T in t  G S ,  S a le n  G ,  C o l a l i l l o  A ,  G r ä b e r  D ,  V e r g a  D ,  S p e c k  J , e t  a l.  
U r s o d e o x y c h o l ic  a c id :  a  s a fe  a n d  e f f e c t iv e  a g e n t  f o r  d is s o lv in g  c h o le s te r o l  g a l ls to n e s .  
A n n  In te r n  M e d .  1 9 8 2  S e p ;9 7 ( 3 ) :3 5 1 - 6 .
3 8 2 .  S a u e r b r u c h  T ,  D e l iu s  M ,  P a u m g a r tn e r  G ,  H o l l  J , W e s s  O ,  W e b e r  W ,  e t  a l.  
F r a g m e n ta t io n  o f  g a l ls to n e s  b y  e x t r a c o r p o r e a l  s h o c k  w a v e s .  N  E n g l  J M e d .  1 9 8 6  M a r  
2 7 ; 3 1 4 ( 1 3 ) : 8 1 8 -2 2 .
3 8 3 .  K r a t z e r  W ,  M a s o n  R A ,  J a n o w i t z  P , T u d y k a  J , M a ie r  C ,  W e c h s le r  J G , e t a l.  D o e s  
a d e q u a te  p a t ie n t  s e le c t io n  re d u c e  th e  r i s k  o f  g a l ls to n e  r e c u r r e n c e  a f te r  s u c c e s s fu l  
e x t r a c o r p o r e a l  s h o c k w a v e  l i t h o t r ip s y ?  Z  G a s t r o e n te r o l .  1 9 9 4  M a r ; 3 2 ( 3 ) :  1 7 0 -3 .
3 8 4 .  J a n s s e n  J, J o h a n n s  W ,  W e ic k e r t  U ,  R a h m a t ia n  M ,  G r e in e r  L .  L o n g - t e r m  r e s u lts  
a f te r  s u c c e s s fu l  e x t r a c o r p o r e a l  g a l ls to n e  l i t h o t r ip s y :  o u tc o m e  o f  th e  f i r s t  1 2 0  s to n e - f r e e  
p a t ie n ts .  S c a n d  J G a s t r o e n te r o l .  2 0 0 1  M a r ; 3 6 ( 3 ) : 3 1 4 - 7 .
3 8 5 .  Is e r  J H ,  M u r p h y  G M ,  D o w l in g  R H .  S p e e d  o f  c h a n g e  in  b i l i a r y  l ip id s  a n d  b i le  
a c id s  w i t h  c h e n o d e o x y c h o l ic  a c i d - i s  in t e r m i t t e n t  th e r a p y  fe a s ib le ?  G u t .  1 9 7 7  
J a n ; 1 8 ( l ) : 7 - 1 5 .
3 8 6 .  L a M o n t  J T ,  S m ith  B F ,  M o o r e  J R . R o le  o f  g a l lb la d d e r  m u c in  in  p a th o p h y s io lo g y  
o f  g a l ls to n e s .  H e p a to lo g y .  1 9 8 4  S e p - O c t ;4 ( 5  S u p p l) :5 1 S - 6 S .
3 8 7 .  H u t t o n  S W , S ie v e r t  C E ,  J r . ,  V e n n e s  J A ,  D u a n e  W C .  I n h ib i t i o n  o f  g a l ls to n e  
f o r m a t io n  b y  s p h in c te r o to m y  in  th e  p r a i r ie  d o g :  r e v e r s a l b y  a t r o p in e .  G a s t r o e n te r o lo g y .  
1 9 8 2  J u n ;8 2 ( 6 ) :1 3 0 8 - 1 3 .
3 8 8 . S i tz m a n n  J V ,  P i t t  H A ,  S te in b o r n  P A ,  P a s h a  Z R ,  S a n d e rs  R C .  C h o le c y s t o k in in  
p re v e n ts  p a re n te ra l  n u t r i t i o n  in d u c e d  b i l i a r y  s lu d g e  in  h u m a n s .  S u rg  G y n e c o l  O b s te t.  
1 9 9 0  J a n ; 1 7 0 ( l ) : 2 5 - 3 1 .
3 8 9 .  O 'D o n n e l l  L J ,  F a i r c lo u g h  P D . G a l l  s to n e s  a n d  g a l l  b la d d e r  m o t i l i t y .  G u t .  1 9 9 3  
A p r ; 3 4 ( 4 ) :4 4 0 - 3 .
3 9 0 .  D e a n s  C , Y e o  M S ,  S o e  M Y ,  S h a b b ir  A ,  T i  T K ,  S o  J B .  C a n c e r  o f  th e  g a s t r ic  
c a r d ia  is  r i s in g  in  in c id e n c e  in  a n  A s ia n  p o p u la t io n  a n d  is  a s s o c ia te d  w i t h  a d v e rs e  
o u tc o m e .  W o r ld  J S u rg .  2 0 1 1  M a r ; 3 5 ( 3 ) : 6 1 7 - 2 4 .
3 9 1 .  B lo t  W J ,  D e v e s a  S S , K n e l le r  R W ,  F r a u m e n i J F , J r .  R is in g  in c id e n c e  o f  
a d e n o c a r c in o m a  o f  th e  e s o p h a g u s  a n d  g a s t r ic  c a rd ia .  J A M A .  1 9 9 1  M a r  
1 3 ;2 6 5 ( 1 0 ) :1 2 8 7 - 9 .
3 9 2 .  Y a n g  P C , D a v is  S. In c id e n c e  o f  c a n c e r  o f  th e  e s o p h a g u s  in  th e  U S  b y  h is t o lo g ic  
ty p e .  C a n c e r .  1 9 8 8  F e b  1 ;6 1  ( 3 ) : 6 1 2 -7 .
3 9 3 .  P e ra  M ,  C a m e r o n  A J ,  T r a s te k  V F ,  C a r p e n te r  H A ,  Z in s m e is te r  A R .  In c re a s in g  
in c id e n c e  o f  a d e n o c a r c in o m a  o f  th e  e s o p h a g u s  a n d  e s o p h a g o g a s t r ic  ju n c t io n .  
G a s t r o e n te r o lo g y .  1 9 9 3  F e b ; 1 0 4 ( 2 ) :5 1 0 - 3 .
3 9 4 .  H a n s e n  S , W i i g  J N ,  G ie r c k s k y  K E ,  T r e t l i  S. E s o p h a g e a l a n d  g a s t r ic  c a r c in o m a  in  
N o r w a y  1 9 5 8 - 1 9 9 2 :  in c id e n c e  t im e  t r e n d  v a r i a b i l i t y  a c c o r d in g  to  m o r p h o lo g ic a l  
s u b ty p e s  a n d  o r g a n  s u b s ite s .  I n t  J C a n c e r .  1 9 9 7  M a y  2 ; 7 1 ( 3 ) :3 4 0 - 4 .
202
3 9 5 .  P o w e l l  J, M c C o n k e y  C C .  T h e  r is in g  t r e n d  in  o e s o p h a g e a l a d e n o c a r c in o m a  a n d  
g a s t r ic  c a rd ia .  E u r  J C a n c e r  P re v .  1 9 9 2  A p r ; l ( 3 ) : 2 6 5 - 9 .
3 9 6 .  H a n s s o n  L E ,  S p a re n  P , N y r e n  O . In c r e a s in g  in c id e n c e  o f  c a r c in o m a  o f  th e  
g a s t r ic  c a rd ia  in  S w e d e n  f r o m  1 9 7 0  to  1 9 8 5 . B r  J S u rg .  1 9 9 3  M a r ; 8 0 ( 3 ) : 3 7 4 - 7 .
3 9 7 .  K a d r i  S , L a o - S i r ie ix  P , F itz g e r a ld  R C . D e v e lo p in g  a  n o n e n d o s c o p ic  s c r e e n in g  
te s t  f o r  B a r r e t t ’s e s o p h a g u s . B io m a r k  M e d .  2 0 1 1  J u n ;5 ( 3 ) :3 9 7 - 4 0 4 .
3 9 8 .  O n g  C A ,  L a o - S i r ie ix  P , F i t z g e r a ld  R C .  B io m a r k e r s  in  B a r re t t 's  e s o p h a g u s  a n d  
e s o p h a g e a l a d e n o c a r c in o m a :  p r e d ic to r s  o f  p ro g r e s s io n  a n d  p ro g n o s is .  W o r ld  J 
G a s t r o e n te r o l .  2 0 1 0  D e c  7 ;1 6 ( 4 5 ) :5 6 6 9 - 8 1 .
3 9 9 .  L a o - S i r ie ix  P , F it z g e r a ld  R C .  R o le  o f  th e  m ic r o - e n v i r o n m e n t  in  B a r r e t t 's  
c a rc in o g e n e s is .  B io c h e m  S o c  T ra n s .  2 0 1 0  A p r ; 3 8 ( 2 ) :3 2 7 - 3 0 .
4 0 0 .  S p e c h le r  S J, F it z g e r a ld  R C ,  P ra s a d  G A ,  W a n g  K K .  H is t o r y ,  m o le c u la r  
m e c h a n is m s ,  a n d  e n d o s c o p ic  t r e a tm e n t  o f  B a r r e t t 's  e s o p h a g u s .  G a s t r o e n te r o lo g y .  2 0 1 0  
M a r ;1 3 8 ( 3 ) :8 5 4 - 6 9 .
4 0 1 .  B a r b e ra  M ,  F it z g e r a ld  R C . C e l lu la r  m e c h a n is m s  o f  B a r r e t t 's  e s o p h a g u s  
d e v e lo p m e n t .  S u rg  O n c o l  C l i n  N  A m .  2 0 0 9  J u l ;  18 ( 3 ) : 3 9 3 - 4 10.
4 0 2 .  C o le m a n  H G ,  B h a t  S , M u r r a y  L J ,  M c M a n u s  D ,  G a v in  A T ,  J o h n s to n  B T .  
In c re a s in g  in c id e n c e  o f  B a r r e t t 's  o e s o p h a g u s :  a  p o p u la t io n - b a s e d  s tu d y .  E u r  J E p id e m io l .  
2 0 1 1  S e p ;2 6 (9 ) :  7 3 9 -4 5 .
4 0 3 .  S h ie ld s  H M ,  N a r d o n e  G ,  Z h a o  J , W a n g  W ,  X i n g  Z ,  F a n g  D ,  e t a l.  B a r re t t 's  
e s o p h a g u s : p re v a le n c e  a n d  in c id e n c e  o f  a d e n o c a r c in o m a s .  A n n  N  Y  A c a d  S c i.  2 0 1 1  
S e p ; 1 2 3 2 (1  ) :2 3 0 - 4 7 .
4 0 4 .  F i t z g e r a ld  R C . B a r r e t t 's  o e s o p h a g u s  a n d  o e s o p h a g e a l a d e n o c a r c in o m a :  h o w  d o e s  
a c id  in te r fe r e  w i t h  c e l l  p r o l i f e r a t io n  a n d  d i f f e r e n t ia t io n ?  G u t .  2 0 0 5  M a r ; 5 4  S u p p l  l : i 2 1 -
6 .
4 0 5 .  H v id - J e n s e n  F ,  P e d e rs e n  L ,  D r e w e s  A M ,  S o re n s e n  H T ,  F u n c h -J e n s e n  P . 
In c id e n c e  o f  A d e n o c a r c in o m a  a m o n g  P a t ie n ts  w i t h  B a r r e t t 's  E s o p h a g u s .  N  E n g l  J M e d .  
2 0 1 1  O c t  13 ; 3 6 5 ( 1 5 ) :  1 3 7 5 -8 3 .
4 0 6 .  F e in  M ,  I r e la n d  A P ,  R i t t e r  M P ,  P e te rs  J H ,  H a g e n  J A ,  B r e m n e r  C G ,  e t  a l.  
D u o d e n o g a s t r ic  r e f l u x  p o te n t ia te s  th e  in ju r io u s  e f fe c ts  o f  g a s t ro e s o p h a g e a l r e f lu x .  J 
G a s t r o in te s t  S u rg .  1 9 9 7  J a n - F e b ; l ( l ) : 2 7 - 3 2 ;  d is c u s s io n  3 .
4 0 7 .  F e in  M ,  M a r o s k e  J , F u c h s  K H .  Im p o r ta n c e  o f  d u o d e n o g a s t r ic  r e f l u x  in  g a s t ro -  
o e s o p h a g e a l r e f l u x  d is e a s e . B r  J  S u rg .  2 0 0 6  D e c ;9 3 ( 1 2 ) :  1 4 7 5 -8 2 .
4 0 8 .  V o u s d e n  K H ,  L u  X .  L iv e  o r  le t  d ie :  th e  c e l l 's  re s p o n s e  to  p 5 3 .  N a t  R e v  C a n c e r .  
[ R e v ie w ] .  2 0 0 2  A u g ; 2 ( 8 ) : 5 9 4 - 6 0 4 .
4 0 9 .  H a u p t  S , B e r g e r  M ,  G o ld b e r g  Z ,  H a u p t  Y .  A p o p t o s is  -  th e  p 5 3  n e tw o r k .  J C e l l  
S c i.  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  G o v 't
R e v ie w ] .  2 0 0 3  O c t  1 5 ;1 1 6 ( P t  2 0 ) :4 0 7 7 - 8 5 .
4 1 0 .  S c h o lz e n  T  G J . T h e  K i6 7  p r o te in :  F r o m  th e  k n o w n  a n d  th e  u n k n o w n .  J c e l l  
p h y s io l .  2 0 0 0 ;1 8 2 :3 1 1 - 2 2 .
4 1 1 .  H a lm  U ,  T a n n a p fe l  A ,  B r e i t u n g  B ,  B r e id e r t  M ,  W i t t e k in d  C W ,  M o s s n e r  J. 
A p o p to s is  a n d  c e l l  p r o l i f e r a t io n  in  th e  m e ta p la s ia - d y s p la s ia - c a r c in o m a - s e q u e n c e  o f  
B a r re t t 's  e s o p h a g u s .  H e p a to g a s t r o e n te r o lo g y .  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  G o v 't ] .  2 0 0 0  
J u l - A u g ;4 7 ( 3 4 ) : 9 6 2 - 6 .
4 1 2 .  G e rd e s  J , L e m k e  H ,  B a is c h  H ,  W a c k e r  H H ,  S c h w a b  U ,  S te in  H .  C e l l  c y c le  
a n a ly s is  o f  a  c e l l  p r o l i f e r a t io n - a s s o c ia te d  h u m a n  n u c le a r  a n t ig e n  d e f in e d  b y  th e
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m o n o c lo n a l  a n t ib o d y  K i - 6 7 .  J o u rn a l o f  im m u n o lo g y .  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  
G o v ’t ] .  1 9 8 4  O c t ;  1 3 3 (4 ) :  1 7 1 0 -5 .
4 1 3 .  W o o d w a r d  T A ,  K l i n g l e r  P D ,  G e n k o  P V ,  W o l f e  J T .  B a r r e t t ’s e s o p h a g u s , 
a p o p to s is  a n d  c e l l  c y c le  r e g u la t io n :  c o r r e la t io n  o f  p 5 3  w i t h  B a x ,  B c l - 2  a n d  p 2 1  p r o te in  
e x p re s s io n .  A n t ic a n c e r  R e s . 2 0 0 0  J u l - A u g ;2 0 ( 4 ) : 2 4 2 7 - 3 2 .
4 1 4 .  C h a tz o p o u lo s  D ,  K y r g id i s  A ,  K o u n to u r a s  J , Z a v o s  C , M o ly v a s  E , V e n iz e lo s  I. 
B a x  u p r e g u la t io n  m a y  p r o v id e  a  r a t io n a le  f o r  th e  lo w  in c id e n c e  o f  e s o p h a g e a l 
a d e n o c a r c in o m a  in  a  G r e e k  c o h o r t  o f  p a t ie n ts  w i t h  B a r r e t t ’s e s o p h a g u s . 
H e p a to g a s t r o e n te r o lo g y .  2 0 0 7  A p r - M a y ; 5 4 ( 7 5 ) : 7 0 5 - 9 ,
4 1 5 .  B ia n  Y S ,  O s te rh e ld  M C ,  B o s m a n  F T ,  B e n h a t ta r  J , F o n t o l l ie t  C .  p 5 3  g e n e  
m u ta t io n  a n d  p r o te in  a c c u m u la t io n  d u r in g  n e o p la s t ic  p ro g r e s s io n  in  B a r r e t t 's  e s o p h a g u s .  
M o d  P a th o l.  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  G o v ’t ] .  2 0 0 1  M a y ; 1 4 ( 5 ) : 3 9 7 - 4 0 3 .
4 1 6 .  K r is h n a d a th  K K ,  T i la n u s  H W ,  A le r s  J C , M u ld e r  A H ,  v a n  D e k k e n  H .  D e t e c t io n  
o f  g e n e t ic  c h a n g e s  in  B a r r e t t 's  a d e n o c a r c in o m a  a n d  B a r r e t t ’s e s o p h a g u s  b y  D N A  in  s i tu  
h y b r id iz a t io n  a n d  im m u n o h is to c h e m is t r y .  C y t o m e t r y .  1 9 9 4  F e b  1; 1 5 (2 ) :  1 7 6 -8 4 .
4 1 7 .  R io u x - L e c le r c q  N ,  T u r l i n  B ,  S u th e r la n d  F ,  H e r e s b a c h  N ,  L a u n o is  B ,  C a m p io n  
J P , e t a l.  A n a ly s is  o f  K i - 6 7 ,  p 5 3  a n d  B c l - 2  e x p re s s io n  in  th e  d y s p la s ia - c a r c in o m a  
s e q u e n c e  o f  B a r r e t t 's  e s o p h a g u s . O n c o l  R e p . 1 9 9 9  J u l - A u g ; 6 ( 4 ) :  8 7 7 -8 2 .
4 1 8 .  C a s s o n  A G ,  M a n o lo p o u lo s  B ,  T r o s te r  M ,  K e r k v l i e t  N ,  O 'M a l le y  F , I n c u le t  R , e t 
a l.  C l in ic a l  im p l ic a t io n s  o f  p 5 3  g e n e  m u t a t io n  in  th e  p ro g r e s s io n  o f  B a r r e t t ’s e p i t h e l iu m  
to  in v a s iv e  e s o p h a g e a l c a n c e r .  A m  J S u rg .  1 9 9 4  J a n ; 1 6 7 (1 ) :  5 2 -7 .
4 1 9 .  I r e la n d  A P ,  C la r k  G W ,  D e M e e s te r  T R .  B a r re t t 's  e s o p h a g u s . T h e  s ig n i f ic a n c e  o f  
p 5 3  in  c l in ic a l  p r a c t ic e .  A n n a ls  o f  s u rg e r y .  [ R e v ie w ] .  1 9 9 7  J a n ; 2 2 5 ( l ) :  1 7 -3 0 .
4 2 0 .  B o d n e r  S M ,  M in n a  J D ,  J e n s e n  S M ,  D ’A m ic o  D ,  C a r b o n e  D ,  M i t s u d o m i  T ,  e t  a l.  
E x p r e s s io n  o f  m u ta n t  p 5 3  p r o te in s  in  lu n g  c a n c e r  c o r r e la te s  w i t h  th e  c la s s  o f  p 5 3  g e n e  
m u ta t io n .  O n c o g e n e .  [ I n  V i t r o ] ,  1 9 9 2  A p r ; 7 ( 4 ) : 7 4 3 - 9 .
4 2 1 .  W a g a ta  T ,  S h ib a g a k i  I ,  I m a m u r a  M ,  S h im a d a  Y ,  T o g u c h id a  J, Y a n d e l l  D W ,  e t 
a l.  L o s s  o f  1 7 p , m u t a t io n  o f  th e  p 5 3  g e n e , a n d  o v e r e x p r e s s io n  o f  p 5 3  p r o t e in  in  
e s o p h a g e a l s q u a m o u s  c e l l  c a rc in o m a s .  C a n c e r  re s e a rc h .  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  
G o v ’t ] .  1 9 9 3  F e b  1 5 ;5 3 ( 4 ) :8 4 6 - 5 0 .
4 2 2 .  P re v o  L J ,  S a n c h e z  C A ,  G a l ip e a u  P C ,  R e id  B J .  p 5 3 - m u ta n t  c lo n e s  a n d  f ie ld  
e f fe c ts  in  B a r r e t t 's  e s o p h a g u s .  C a n c e r  re s e a rc h .  [R e s e a rc h  S u p p o r t ,  U .S .  G o v 't ,  P .H .S . ] ,  
1 9 9 9  O c t  l ; 5 9 ( 1 9 ) : 4 7 8 4 - 7 .
4 2 3 .  B a t t i f o r a  H .  p 5 3  im m u n o h is to c h e m is t r y :  a  w o r d  o f  c a u t io n .  H u m  P a th o l.  
[Comment
E d i t o r ia l ] .  1 9 9 4  M a y ; 2 5 ( 5 ) : 4 3 5 - 7 .
4 2 4 .  C ra a n e n  M E ,  B l o k  P , D e k k e r  W ,  O f fe r h a u s  G J , T y tg a t  G N .  C h r o n o lo g y  o f  p 5 3  
p r o t e in  a c c u m u la t io n  in  g a s t r ic  c a rc in o g e n e s is .  G u t .  1 9 9 5  J u n ;3 6 ( 6 ) :8 4 8 - 5 2 .
4 2 5 .  F le jo u  J F , P o te t  F ,  M u z e a u  F , L e  P e l le t ie r  F , F e k e te  F , H e n in  D .  O v e r e x p r e s s io n  
o f  p 5 3  p r o t e in  in  B a r r e t t 's  s y n d r o m e  w i t h  m a l ig n a n t  t r a n s fo r m a t io n .  J o u rn a l o f  c l in ic a l  
p a th o lo g y .  [R e s e a rc h  S u p p o r t ,  N o n - U .S .  G o v ’t ] .  1 9 9 3  A p r ; 4 6 ( 4 ) :3 3 0 - 3 .
4 2 6 .  M a n d a r d  A M ,  M a m a y  J, L e b e a u  C ,  B e n a r d  S , M a n d a r d  J C . E x p r e s s io n  o f  p 5 3  in  
o e s o p h a g e a l s q u a m o u s  e p i t h e l iu m  f r o m  s u r g ic a l  s p e c im e n s  re s e c te d  f o r  s q u a m o u s  c e l l  
c a r c in o m a  o f  th e  o e s o p h a g u s ,  w i t h  s p e c ia l r e fe r e n c e  to  u n in v o lv e d  m u c o s a . J  P a th o l.  
[R e s e a rc h  S u p p o r t ,  N o n - U .S .  G o v ’t ] .  1 9 9 7  F e b ;1 8 1 ( 2 ) :1 5 3 - 7 .
204
4 2 7 .  S te in  H J ,  D e M e e s te r  T R .  I n d ic a t io n s ,  te c h n iq u e ,  a n d  c l in ic a l  u s e  o f  a m b u la to r y  
2 4 - h o u r  e s o p h a g e a l m o t i l i t y  m o n i t o r in g  in  a  s u r g ic a l  p r a c t ic e .  A n n  S u rg .  1 9 9 3  
F e b ;2 1 7 ( 2 ) :  1 2 8 -3 7 .
4 2 8 .  S tre e ts  C G ,  D e M e e s te r  T R .  A m b u la t o r y  2 4 - h o u r  e s o p h a g e a l p H  m o n i t o r in g :  
w h y ,  w h e n ,  a n d  w h a t  to  d o .  J C l in  G a s t ro e n te ro l.  2 0 0 3  J u l ; 3 7 ( l ) :  1 4 -2 2 .
4 2 9 .  R ic h t e r  J E . D ia g n o s t ic  te s ts  f o r  g a s tro e s o p h a g e a l r e f l u x  d is e a s e . A m  J M e d  S c i.  
2 0 0 3  N o v ; 3 2 6 ( 5 ) :3 0 0 - 8 .
4 3 0 .  S te in  H J  B A ,  D e M e e s te r  T R  e t  a l.  C o m p l ic a t io n s  o f  g a s t ro - o e s o p h a g e a l r e f l u x  
d is e a s e : r o le  o f  th e  lo w e r  o e s o p h a g e a l s p h in c te r ,  o e s o p h a g e a l a c id  a n d  a c id /a lk a l in e  
e x p o s u r e  a n d  d u o d e n o g a s t r ic  r e f lu x .  A n n a ls  o f  S u r g e ry .  1 9 9 2 ;2 1 6 :3 5 - 4 3 .
4 3 1 .  C a r to n  E ,  C a ld w e l l  M T ,  M c D o n a ld  G ,  R a m a  D ,  T a n n e r  W A ,  R e y n o ld s  J V .  
S p e c ia l iz e d  in te s t in a l  m e ta p la s ia  in  p a t ie n ts  w i t h  g a s t ro - o e s o p h a g e a l r e f l u x  d is e a s e . B r  J 
S u rg .  2 0 0 0  J a n ; 8 7 ( l ) : l  1 6 -2 1 .
4 3 2 .  R u o l  A ,  P a r e n t i  A ,  Z a n in o t t o  G ,  M e r ig l ia n o  S , C o s t a n t in i  M ,  C a g o l M ,  e t  a l.  
In te s t in a l  m e ta p la s ia  is  th e  p r o b a b le  c o m m o n  p r e c u r s o r  o f  a d e n o c a r c in o m a  in  b a r r e t t  
e s o p h a g u s  a n d  a d e n o c a r c in o m a  o f  th e  g a s t r ic  c a rd ia .  C a n c e r .  2 0 0 0  J u n  1 ;8 8 ( 1 1 ) :2 5 2 0 - 8 .
4 3 3 .  L a g e r g r e n  J , B e r g s t r o m  R , L in d g r e n  A ,  N y r e n  O . S y m p to m a t ic  g a s tro e s o p h a g e a l 
r e f l u x  as a r i s k  f a c t o r  f o r  e s o p h a g e a l a d e n o c a r c in o m a .  N  E n g l  J M e d .  1 9 9 9  M a r  
1 8 ;3 4 0 ( 1 1 ) :8 2 5 - 3 1 .
4 3 4 .  M a r s h a l l  R E ,  A n g g ia n s a h  A ,  O w e n  W J .  B i le  in  th e  o e s o p h a g u s :  c l in ic a l  
re le v a n c e  a n d  a m b u la to r y  d e te c t io n .  B r  J S u rg .  1 9 9 7  J a n ; 8 4 ( l ) : 2 1 - 8 .
4 3 5 .  C o h e n  M M ,  Y o u n g  W ,  T h e r ia u l t  M E ,  H e r n a n d e z  R . H a s  la p a ro s c o p ic  
c h o le c y s te c to m y  c h a n g e d  p a t te r n s  o f  p r a c t ic e  a n d  p a t ie n t  o u tc o m e  in  O n ta r io ?  C M A J .
1 9 9 6  F e b  1 5 ; 1 5 4 ( 4 ) : 4 9 1 - 5 0 0 .
4 3 6 .  O n ta r io  C C .  C h a n g in g  p a t te rn s  o f  e s o p h a g e a l c a n c e r :  a d e n o c a r c in o m a  o n  th e  
r is e .  A c t io n  C a n c e r  O n ta r io .  2 0 0 9 .
205
A p p e n d i x  1  
P a t ie n t  In fo r m a t io n  L e a f le t
206
Effects of Cholecystectomy on Oesophageal and gastric mucosa 
Investigators:
Dr. Syeda Nadia Shah Gilani, Professor Thom as Noel W alsh.
Introduction:
You are being asked to  take  part in a clinical research project taking place at 
Connolly Hospital. Before you decide w h e th e r you wish to  take  part in this 
research, you should read the fo llow ing in form ation  carefully and if you wish to  
discuss it w ith  your fam ily, friends or GP please do so prior to  agreeing to  
partic ipate. You should clearly understand w h a t is required during this study so 
th a t you can m ake a decision th a t is right fo r you. You may change your mind at 
any tim e  w ith o u t having to  justify your decision and w ith o u t im pact on the care 
you receive.
This study is approved by an independent body th a t safeguards th e  rights, 
safety and w ell-being  o f people in these kinds o f research studies -  Connolly 
Hospital Research Ethics C om m ittee .
Background:
You are attend ing  Connolly Hospital fo r upper G.l endoscopy (cam era test). At 
th e  tim e  o f endoscopy, it is very com m on to  take  biopsy (a small sam ple of 
tissue from  gullet, stomach or small in testine). This biopsy is then  sent fo r
P a t i e n t  i n f o r m a t i o n  l e a f l e t
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fu rth e r exam ination  under the m icroscope (histology) to  confirm  th e  presence 
or absence o f a certain disease process. The rem ainder o f tissue obtained a t 
endoscopy is then  saved in histology lab in Connolly Hospital.. In our study w e  
will use th e  biopsies taken  fo r histology exam ination . W e  w ill study d iffe ren t 
m arkers like p53, Ki-67and BRI on th e  cells obtained from  biopsy during  
endoscopy. Please do not hesitate to  contact me if you w ould like to know  
m ore about th e  m arkers or this study project.
Safety:
Patients taking part in this study will not be exposed to  any additional test fo r  
this research project. No additional risk w ill be added to  the risks o f having an 
endoscopy (cam era test) as a result o f this study.
Finally:
M y nam e is Dr. S. Nadia S. Gilani and I w ill be pleased to  answ er any questions  
you may have about this study. I can be contacted at th e  d ep artm en t o f Surgical 
Research, Academ ic C entre, Connolly Hospital, B lanchardstown, D ublin-15.
Tel: 64 6 5 6 5 9  Email: syedagilani@ rcsi.ie
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Patient Consent of Participation
Project title: Effect of cholecystectomy on gastric and oesophageal mucosa
I ______________________________________ o f ______________________________________
Here by consent to  partic ipate in th e  above nam ed study. I have read the  
in form ation  presented in th e  patien t in form ation  leafle t and I had the  
opportun ity  to  ask questions related  to  this study, receive satisfactory answers 
to  my questions, and any additional details I w an ted .
I fu lly understand th e  objectives o f this study, which is to  study epigenetic  
changes in mucosal biopsies o f oesophagus and stom ach a fte r cholecystectom y.
I am  aw are th a t I m ay w ith d raw  from  th e  study w ith o u t any obligation or 
com prom ise to  my tre a tm e n t in this hospital. I am also fully aw are  th a t my 
individual privacy will be m aintained in all published and w ritten  data resulting  
from  this study. W ith  full know ledge o f all foregoing, I agree of my own  
free  will to  partic ipate in this study.
Print N am e Signature o f Participant
Date W itness signature
